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The Underground Space Center decided to 
prepare this second book on earth sheltered 
homes lor a number of reasons. Since the 
publication in 1978 of Earth Sheltered Housing 
Design which toalured earth sheltered houses 
built pnor to 1977, both the public and Ihe 
building industry have expressed a strong 
desire to examine a greater variety df earth 
sheltered designs Earth Sheltered Homes 
provides the opportunity to do just thal 
In 1976, when research for Earth Sheltered 
Housing Design began, earth sheltered building 
technology was unfamiliar to all but a handlui 
qt architects and builders Today — thanks to a 
combination of dramatic growth in the earlh 
sheltered construction industry and extensive 
mad a coverage of this innovative type of 
design— earth sheltering is, it not yet a 
household phrase a concept ip mi liar to a greal 
many people Earth sheltered residences have 
been built in virtually every region of the United 
States, displaying a wipe range of styles. Sizes 
and construction techniques 
The publicity that typically has followed the 
completion oF such homes, however, has 
proven to be a double-edged sword while it 
has piqued the curiosity of the genera* public 
regarding underground homes, it has also 
created an increasing reluctance on Ihe pad of 
home owners to open their doors continually to 
ever greater number of interested passersby 
Th s dearth of opportunities to visit one 0* more 
well -designed earth sheltered homes is 
untorturcale, since such firsthand Inspections 
P% MJ n -fjfc A often serve as a major turning point in 

WT »T f£9 fz g» p s o P e see rcep: io n s a nd as s e s sme m s of ear, h 
® ® sheltered housing. 

Whito pictures, plans and words cannot, or 
course, duplicate the experience of visiting an 
earth sheltered dwelling, this book aims to give 
ihe public an armchair tour of a variety oJ earth 
shattered homes from ditferenl parts of the 
United States and Europe. For the practicing or 
potential designer, the visual images, together 
with she plans and cons' ruction inform alien 
mciuded m these pages, should provide a 
ready leferenc© 0® design ideas and solutions 


Ray Sterling 

□ irecto' Tne Underground Space Center 


□unng the course of writing and designing 
'his book the authors received generous 
support from a number of individuate 
Eartn Sheltered Homes could not have been 
completed without extensive assistance from the 
architects who designed the twenty-three earth 
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money they spent in providing us with the 
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In 1974 a conference sponsored try the 
University of Minnesota or earth sheered 
construction was attended by a totaf of ■ weniy 
people. Three years later a sifrtflar conference 
drew about four hundred peoole and spawned 
the Underground Space Center, a ^search and 
information organization based at ihe University 
o! Minnesota. 

By 1900 iwo April conferences on earth 
sheltering— one in Minnesota and another in 
Ok I shorna- -together registered imre than one 
thousand participants, and an earth sheltered 
housing exhibition of produces and services at 
Ihe Minnesota conference attracted a crowd of 
nearly two thousand 

Evidence of the fast-rising popularity of Eh;s 
architectural style which incorporates earth into 
she house design, is the increasing number of 
books dealing with the subject After ihe 
Underground Space Center published its Earth 
Shattered Housing Design several magazines 
that deal solely wilti aspects of underground 
construction and planning, such as Earth 



SheHeted Digest and Underground Space, 
were established, and numerous magazine and 
news paper a -tides concerned with earth 
sheltered design and construction have 
appeared. Thousands of people continue to 
flock ;o public open houses to see 
demonstration earth sheltered homes; a growing 
number of conferences, workshops, and courses 
deal with a wide range of earth sheltering 
applications; and at least a dozen universities 
now have programs and confers involved in 
research and development as they relate to 
various aspects of underground space use, 

The most concrete evidence—fiterolty and 
figuratively— of the growing acceptance of earth 
sheltered housing is the increasing numbers of 
such homes being built today The American 
Institute of Architects estimates that by 1970 
only thirty to forty earth sheltered houses had 
been built, by mid- 1980 that number had grown 
to three thousand to five thousand And if 
inquires to the Underground Space Center aro 
a reliable indicator, thousands more such 


homes are in the planning stages To date, ihe 
Underground Space Center has received over 
thirty-five thousand requests from ali over the 
world for information about earth sheltered and 
underground design and construction— and this 
enthusiasm shows no sign of ebafing- 
Furihermore, entire earth sheltered communities 
are In Ehe planning or construction stages in 
Wisconsin- and Washington, and large-scale 
houstrsg developments are underway in 
Alabama. California, and Minnesota. 

Given an established arc increasing demand 
for earth sheltered housing an industry has 
sprung up to fill that need in the last tour 
years a number of contractors and developers 
have begun specializing in earth sheltered 
homes: about half a dozen of these report: 
being involved in the planning and or 
construction of one hundred to two hundred 
homes each, These builders generally offer 
packaged designs, better cost control, and an 
ability ro improve their techniques from project 
to project. 




Why Earth Sheltering? 

Ask any expert in the field or earth sheltered 
construction about the reasons for this upsurge 
ol interest in underground living, and you will 
probably get a two-worc answer, energy costs 
The using costs Of fossil fuels have without 
doubt given impetus la the recent growth of Ihe 
earth sheltered housing industry Although 
reliable energy performance data are limiled 
experts have estimated lhat earth sheltered 
houses use 25 to BO percent of Ihe energy 
required by pro-energy-cnsis houses, which 
constitute the majority of Our present housing 
stock. Some earth sheMered home owners have 
reported winter energy costs as low as $1.20 
(the cost ot cutting 2vz cords of wood?: 
however, most northern-climate subterranean 
homes reauirg some form of electrical backup 
heating. 

Obviously, earth sheltering is not the only 
means ot saving energy in housing— homes 
that appropriately use superinsulation, active 
solar, and or passive solar can achieve energy 
performances similar Jo Ihose of earth sheltered 
residences Earth sheltered homes do have 
additional advantages, however For example 
they are generally much quieter than 
conventional, aboveground houses because the 
earth surrounding them "dampens noise from 
the outside. The masonry concrete structure 
(concrete is still the moss commonly used 
structural material' is rol- and vemnimprodf and 
usually more fire-resistant than materials used 
in above -grade houses. Moreover, because 
these structures are below grade level, natural 
disasters such as tornadoes and severe storms 
have 'ess affect on Ihem 

Earth sheltering makes good environmental 
sense too. By building into a hillside or below 
Ihe earth s surface an attractive landscape or 
view can be preserved while allowing access tg 
natural light. Furthermore, sties thal may be 
undesirable foT conventional homes — lor 
example, due EO noise or traffic patterns — may 
be successfully adapted for rastdential use 
through earth sheltering. The Seward town 
houses isee pages 38-411 provide an excellent 
illustration both of surface preservation and 
effective use ot a site considered 'undesirable 
by conventional building standards. 

Another environmental plus associated with 


earth sheltering is Ihe concept ol working wtEh 
nature as part of the design plan In fact, 
working with the site through design and 
landscaping 50 the house will blend into the 
surrounding environment is pan ana pares' of 
me overall concept ot earth sheltering Thus, 
the lines and farms ol earth sheltered houses 
lend to complement and duplicate toons Sound 
in nature 


Earth Sheltering— How 
and Why It Works 

People unfamiliar wilh the basic concepts of 
earth sheltering often think that the excellent 
thermal perfomnance associated with 
underground houses *e$ull£ from insulating 
qua lilies of the earth around them. In fad, 
although the large amounts of earth thal usually 
cover three or more sides and the roofs of 
most earth sheltered houses do have an 
msulatmg effect, many led cF earth would be 
required to eaual the insulating properties of 
just a few inches of rigid insulation. Rather. Ihe 
energy ^saving potential of earth sheltered 
homes is based on several of their physical 
characteristics. 

First, earth sheltered houses lose less heal 
through me wails and roof ol ihe building than 
do conventional aboveground structures 
Convent iona' he uses lose heat to the colder 
outside air m winter and gam heat from (he hot 
outside air in summer In contrast the earth 
surrounding an underground structure works 
a temperature moderator, reducing summer heal 
gain and wmler heat loss The relatively stable 
temperature of the soil surrounding an earth 
sheltered house means lhat in summer the 
house loses heal to ihe cool earth father than 
gaming heat from the surrounding air. and in 
winter the relatively warm soil offers a much 
better temperature environment than the 
subzero air lemperalures 



Burnsville house Minneapolis, Minnesota 



Wild River State Park house Minnesota 
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This concept is illustrated by Figures 1 
and 2 indicating the daity and yearly soil 
temperature fluctuations at various depths 
Figure t shows Shat daily fluctuations are 
virtually eliminated even al a depth of 0 inches 
(20 cm) of soil At greater depths soil 
temperatures ms pond only lo seasonal 
changes and [he temperature change occurs 
a her considerable delay 
Figure 2 indicates the seasonal temperature 
fluctuations at different depths for the 
Minneapolis- St Pau! area Here, where outside 
air tempetaturp swings as much as 13Q-F 
(72'C)— from -30* to 100T f-34 : - to 
3S L 'C}— annually, the temperature of the soil 17 
to 26 feet (5 lo 9 mt Peiow [he surface is 
vrrtualfy constant Ten Feel (3 nut below the 
surface, the soil temperature vanes from only 
4Q to 6G r F (4 io 16~C). arc even 
immediately below the surface, the annual soil 
temperature range is only 40 F {22 C C). 

The slowness with which soil temperatures 
change creates a thermal flywheel effect that 
contributes significantly to the energy efficiency 
of earth sheltered dwellings, tn Minnesota, soil 
10 feet (3 mi below the ground reaches its 
coldest temperature no! in the dead of wiriser 
but in eariy spring just as air temperatures 
begin to warm up. By |he same principle, this 
soif is warmest around November, when outside 
temperatures begin to drop Hence, the periods 
when energy derived from fossil fuels is likely 
to be necessary are shorter then is the case 
for most conventional houses 
Another energy saving feature characteristic of 
earth shelved structures, a$ distinguished from 
aboveground structures, is the lower heat loss 
due to infiltration A conventional above-grade 
house loses a certain amount of its heat 
through cracks around windows and doors and 
generally throughout (he structure— a process 
lha! ts accelerated when the wind blows. With 
proper siting, the earth cart protect an earth 
sheltered house from the wind, thus reducing 
general infiltration— and heating bills — 
considerably. 

A Final important characteristic of earth 
sheltered houses is the high thermal mass of 
the structure and the surrounding earth, which 
contributes (o the heal storage capacity o! a 
building The thermal mass of a structure is a 
function of the density and quantity ot the 
building matenats in combination wr!h the ability 





□f Eriose materials to store heat A house with 
a larqer rhe-rma : mass, especiaily one with a 
concrete shell, can absorb heat trom She air or 
from direct solar radiation. This heat can then 
be released back into the space during the 
night, when there is a net heai loss. In an 
earth sheared house, which has a high 
thermal mass, this process can be slow enough 
to carry" Ihe house lor several hours without 
heat from an additional source. A eonventiona* 
home, on the other hand, can store very little 
excess heat gain and loses whatever heat it 
has reiativey rapidly when a heat source is 
interrupted 

Temperature data collected over a tour -day 
period from an earth sheltered house In Ftotla 
Missouri, illustrate this effect. Figure 3 shows 
that the inside temperature remained relative y 
stable m the absence of any interna? heating 
while the outside lemperature dropped to '10 F 
(-23X5. Monitoring data tor the Topic house 
[pages 118-121) bear cut the findings from ihe 
Roil a house. 

Another specific advantage resulting from the 
high ihecmal mass characteristics of 
underground houses is their ability to maintain 
a steady or slowly drooping temperature sn 
times of power outages or shortages. thereby 
preventing damage to plumbing in freezing 
weather as well as reinforcing a sense of 
security and independence. Architect John 
Barnard resorts that an owner of an e arti- 
sheltered house he designed in Casper. 
Wyoming, went away ior a week in February 
and turned off the furnace. Although outside 
temperatures tell well below zero for several 
stretches of time, the house temperature never 
dropped below SQ'F ( 1 QX). 

The thermal mass of earth sheltered 
structures also permits good Integration with 
other energy systems such as passive solar 
collection and wood-burning fireplaces that 
pro vide heat on a fluctuating oasis. 


Passive and Active Solar 
Features 


il 13 no accident that nearly every enrth 
sheltered house feafured in this book ss 
designed with an eye toward Lakmg advantage 
ol passive solar gao The large therma mass 
of eahh. in combination with the large 
quantities of masonry generally used to 
construct such houses make incorporation of 
passive solar features a logical — and energy- 
having— choice for buHtlers of earth sheltered 
homes. 

Passive solar technology can quite easily be 
incorporated «r.lo standard, types of earth 
sheltered houses, particularly those that have 
a pnmanly soulhern orientation. When 
convened to heat the radiant energy from the 
sunlight admitted to the house through ihe long 
banks ol south-oriented windows helps heat ’he 
entire building. The walls and floors of the 
structure, which are usually constructed of large 
quantities of reinforced concrete, ad as a large 
thermal mass. Heat stored in this mass during 
the day is slowly released af night, fhu$ 
lessening the need for furnace heating 

Many designers build on the basic concept of 
passive gain~to further enhance thermal 
performance by using such features as :herma ! 
shutters, special drapes, or back -colored barrels 
filled with water to hold heal longer. 

It is important to note that, while 
aboveground houses can also bo equipped to 
beneld from passive solar, the large structural 
mass required for heat storage must be 
deliberately designed and specially built into 
these structures. In earth sheltered homes Ihe 
large mass is. of necessity, part of the 
struct Ural design of the house Few additional 
costs (Itf ... for items such as sunshades) need 
be incurred in maximizing passive solar gam in 
an earth sheltered home. 

A number of earth sheltered home designers 
have chosen to boost energy savings even 
further by using active solar systems. Because 
earth sheltered structures generally have lower 
healing requirements than do conventional 
homes" they require a proportionately lower 
investment in solar beating collection equipment. 

The storage space needed for an active solar 
system is also reduced in proportion to the 
heating requirement and the ’arge [hernial 
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mass reduces [he storage space needs even 
lurther Hence, less Floor area is required for 
[he storage medium ie g , the rock storage bins 
used in (he Seward town houses and 
Whitewater State Park house and the sand 
storage bed rn the Feuilte house) Because of 
the relatively high costs o( active solar systems 
and the inherently low energy use of earth 
sheltered structures however, a payoff in terms 
of energy savtngs derived from incorporating 
active solar Features is usually difficult to 
achieve— even when only a small solar collector 
(for space heating purposes) is used 


block, precast concrete, post- ten sic neo concrete, 
pressure- treated wood, steel highway cuiverts, 
and thin shell concrete designs Regardless ol 
the structural system chosen, structural 
concerns will always be grease r for an earth 
sheltered house than tor a conventional above- 
grade house Because the walls and roofs of 
earth shelters must be able to support 
extremely heavy loads, Structural calculations tor 
such homes should always be made by a 
certified structural engineer who is familiar wilh 
earth sheltered design. 


Earth covered walls and roof 
partially recessed 





Figure 4: Various relationships to 
the surface 


Definitions of Earth 
Sheltered House 

Because the use ol earth in housing design 
is a rather general concept, no universally 
accepted definition ot earth sheltered house yet 
exists. Some regal definitions have specified 
that anywhere from 50 to SO percent of the 
roof area must be covered with earth. But a 
broader definition requiring that 50 percent of 
the exterior envelope of the build.ng be earth 
covered allows more latitude in design For 
example, the relationship of the house to the 
ground surface can vary considerably, as 
shown m the adjacent diagram (Figure 4). In 
Fact, an garth sheltered house may not be 
below the natural ground level at all and the 
roof may or may not be earth covered. 

The amount of earth covering and type of 
structure used to hold back the~ earth are also 
subject to considerable variation. Earth 
sheltering may involve bermrng only against the 
wahs, while using a conventional well-insulated 
roof: in a Fully garth sheltered design, on Ihe 
other hand, only the window and door surfaces 
are not covered with earth Earth coverings 
range From an 8- to 10-inch- thick (20 to 25 cm) 
sod roof to 9 feet (2.7 m) or earth on the roof 

These radically different earth cover 
alternatives obviously require very different 
structural systems. To date, (he widely vanec 
structural systems used in earth sheltered 
houses have included poured concrete, concrete 


Basic Designs 

Although earth sheltered houses are not 
limited to any fixed design solutions the two 
basic house design concepts illustrated by 
homes in this book are the elevaiionai and 
atrium plans. 

Efevational House Plans 

Elevation^ designs which are particularly 
appropriate for colder climates, group all 
windows and Openings on one exposed 
elevation (preferably facing south), leaving ihe 
three remaining sides earth covered. The 
already low energy requirements of an 
elevation a I structure can often be reduced even 
further by using south-facing windows to 
maximize the benefits of passive solar heating. 

In & one-story house the major living and 
sleeping spaces are neariy always o-aceo along 
the exposed elevation secondary spaces not 
requiring windows (e.g., baths, utility and 
storage rooms) are locked behind them, 
against the earth -covered walls Living with one 
window wall is not an experience unique to 
■nhabisnts of earth -sheltered houses and, wilh 
the probable mc^ease of passive solar healing 
m conventional housing, will likely become even 
more common 

For those who have never visited an 
elevalionaMype earth sheltered house. Interior 
conditions and lighting can bass be compared 
wilh those in a modem apartment or 
condominium where the living area is backed 
by the aecess corridor for all the unite Hence, 
ail the windows are on one wall of the 
enclosed space (unless 3 he uni occupies a 
comer position) In most cases, window area in 
the earth sheared house will probably exceed 


12 



lhal of a typical apartment, since larger 
windows often will be used to admit maximum 
solar gam in winter (shading or overhangs are 
used to keep out the summer sunlight! 

Sky^ghts or light monitors may also be added 
toward the rear of elevation 5 1 plans to admil 
more tight and allow natural ventilation. 

The major disadvantage Of a one-story 
elevalional plan is that the interna* circulation 
can become rather lengthy— especially for large 
houses — since the main living spaces are 
essentially lined up like rooms n a motes. One 
of several ways designers may deviate this 
tendency is inrough use of a more compact, 
two- level design 

Atrium House Designs 

A courtyard or atrium design is particularly 
appropriate for a fiat site. In this type of 
design, the habitable rooms cluster around a 
central courtyard, which provides abundanl 
access to natural light In its simplest form, ihe 
atrium is a square court with living spaces on. 
four sides, although some plans place toe living 
spaces on just three sides, leaving one aide 
open for light, view, and access, Olher larger 
plans may use two or more courtyards. In 
warmer climates, the atrium, area may be used 
to provide air circulation between rooms; in 
colder areas, it may be covered with glass 

Advantages associated with this type of plan 
■ndude the sense of privacy provided by 
grouping the l-vmg space around an interior 
court and the flexibility with regard to silo 
orientation it provides since — in contrast 1o most 
elevationas plans — a southerly exposure is nut 
as strongly preferred as a design component 

House Plan Variations 

Variations on these two basic house designs 
include homes that have windows in more than 
one wall (such as lhe Eartotech 5 and 6 
homes) or combinations of the alnum and 
nlevaliona' types Houses may have one or two 
levels: in some cases they may be partially 
above and partially below grade Naturally. 

Ihese plan va rial ions also use different amounts 
of earth cover, which m tum influences energy 
performance Most earth sheltered designs, 
however, use less energy than conventional 
houses while creating inlenor spaces that lee' 
quite similar lo completely above-grade houses. 



Atrium design - schematic plan 



Clark house. Portland, Oregon. 




Geier house. Cincinnati , Ohio 
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Gerer house, Cincinnati, Ohio. 



Hadley house. Minneapolis. Minnesota 



Winston house, Lyme, New Hampshire 


Landscaping 

Whatever type pi house design rs chosen 
landscaping should be a major consideration 
from the earfiesl planning stages It is through- 
appropriate landscaping that one at the primary 
concepts of earth she^enng — i e rnSegration oi 
Ihe slructure wrth t!s natural surroundings — is 
accomplished. Several of the houses in this 
book fe.g., the Remington and Burnsville 
houses) serve as especially good Illustrations of 
how careful attention to landscaping can aid in 
integrating the house with the site Because 
landscaping is a critical component of the 
o vpra I design rather than a separate, 
decorative feature, it must be planned in 
coordination with all other elements of the house 
—particularly the structural and waterproofing 
systems. 

AJthough earth shelter landscaping 
approaches to dale have most often been 
limited to the use of sods, a number of other 
approaches — many of which are less costly and 
require -ess maintenance than sods— are 
possible. These include approaches using 
commercial or specra! seea mixes, special seed 
and wildtlower mixtures, perennial flowers, 
drought-role 'ant ground covers or vines, 
commercial shrubs, arc native p-ants. In and 
ragions, rock gardens may be used to great 
advantage m successfully blending the site with 
the building. 



Mow that many of the initial questions relating 
to earth sheltered building systems have been 
answered satisfactorily designers are 
rncreasrngly turning to the as ye! untapped 
potential ot different andscaping aporoaches m 
order to enhance the attractiveness of their 
earth sheltered homes. Not only do landscaping 
techniques complete Ihe architectural design 
they also assist irr rhe success of waterproofing 
and insulation systems of underground 
structures 
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Historical Background 

Cave Dwellers to 1960 

Although most peopto consider eanh 
sheltering a novel dea, living underground is 
hardly a twentieth -cento ry phenomenon From 
prehistoric times to the present, people all over 
Ehe world have by tit and lived below the earth’s 
Surface. 

Prehistoric cave dwellers, seeking warmth and 
protection from wiid creatures anc the elements 
chose an existing nalural earth torm — the 
cave— that provided those qualities, in fact, the 
current existence of inhabited cave dwellings in 
Hie Loire and Cher Valleys of hrance provides 
evidence that, given the proper geology and 
hydrology, caves can be converted into very 
comfortable — and extremely private— living 
spaces. 

Throughout history human berngs have Often 
turned to the earth lor protection against 
climatic extremes and danger Around AO BOO. 
the peoole of Cappadocia Turkey, carved ou! 
underground chambers in spines of sod 
rock— partially in response to the scarcity of 
good timber and materials tor mortar but mainly 
to protect the inhabitants from invaders 

For cenluries. residents of Matmata. Tunisia, 
have carved into the soft rock to create atrium 
houses m which several excavated rooms with 
15-foohhigh (4.5 m) vaulted cermg$ open out 
onto a single sunken courtyard. These houses 
are built below ground to protec! the inhabitants 
from the extreme daytime heat and nighttime 
cold typical ol this desert region. 

in China, the courtyard-type houses that do! 
the landscape were dug into the loess soil to 
combal the hot summers and bitterly cold 
winters Farming is carried out on the earth- 
covered ropls of these houses. In the American 
Midwest, sod houses and dugouls in the 1800s 
were also built in response to severe heal and 
cold, as wen as to a lack ol building materials 
and fuel to burn Sod houses are still in use 
today m Scandinavian countries. 

Given the successful application ol 
underground building technology over Ihe 
centuries and Ihe effective temperature control 
and protection tha[ res u lied fm-m its use. why 
did the concept not become more universally 
applied? 


. 

i ■$ 


Atrium houses in Matmata Tunisia. 



Courtyard houses in China 





Underground houses in Cappadocia. Turkey. 
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Midwestern sod house. 
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The answer related to the lack of modern 
construction methods and materials available 
when most of the atom mentioned; earth 
sheltered dwellings were burlt Hence She 
benefits oi these houses were accompanied by 
drawbacks associated with the ground 
dampness insects and vermin. difficulty keeping 
them clean, lack of view, and so forth When 
conditions changed so that other building 
matenais were reacily available and fuel was 
relatively cheap and easy to obtain, people left 
their m-grounc dwellings tor the convenience 
and stilus of above-grade homes. 


Basements and Basement Houses 

in the years nince mid westerners abandoned 
their sod homes, there has been little reed in 
the United States to consider below-ground 
housing as an option except as it applies to 
basements 

Basements, which have been routinely 
constructed as additions to houses since the 
early iSOOs. are particularly desirable In houses 
in northern climates, where frost footings have 
lo extend well below ground level They offer 
the additional advantage of providing cheap 
additional space that costs relatively little more 
to heal or cool than a conventional house 
wifhoul a basement. 

Vet, although most people readily 
acknowledge the u&efgfness of basements, they 
also associate basements with undesirable 
characteristics— usually based on their own 
living experiences. Because basemenls 
traditionally provided cheap additional space, 
minimum construction practices wore exercised 
m dutlding them: no reinforcing was applied to 
limit cracking, no waterproofing (a! best some 
dampp roohngi was installed and only minimal 
provisions were made for light and ventilation 

in the past twenty-five years, however, people 
have increasingly fned to incorporate basements 
info their homes as real living space' by 
finishing off the basement as a family rec 
room, study, or workshop Those who have 
done so are probably aware trial adequate 
lighting ventilation, waterproofing, and insulation 
can make the difference between a musty ole 
basement and an attractive comfortable place 
to work or relax 


To some extent basements have been 
associated with negative perceptions poop'e 
tend to nave concerning be low -grade housing 
After World War || many families built so-caked 

basement houses to live in while they worked 
on or saved for the remainder of the cost of 
constructing a house Often these iamilies 
made these basemenl houses ' their homes for 
years Some zoning ordinances enacted In the 
1950s to prevent the construction of such 
unsightly eyesores have hindered construction 
of earth sheltered homes twenty years later 

Earth Sheltering in the Sixties 

Probably the most unusual examples of earth 
shelters to emerge in tee 1960s were a few 
houses that were buill os rather elaborate 
fallout shelters in response to prevalent tears of 
an atomic war in I960, a full-size example of 
such a home was buill for the Wortd s Fail- m 
Sea die, Washington, where it was loured by 
thousands of people. 

By the la-e sixties the fears of atomic war 
had given way to an increased awareness of 
the fragility of our environment and ecological 
systems. Environmental ists touted tee concept 
of earth sheltering, in combination with 
gene r ous, thoughtful landscaping, as a means 
of softening (ho visual and environmental 
impacts of buildings. Architect Malcolm Weils 
was a pioneer m this drive towarc building 
without destroying the earth. In ?965 Philip 
Johnson designed one of the first houses to 
reflect this environmental concern — an earth- 
covered house on she edge of a small lake 
near Cincinnati — primarily for the aesthetic effect 
of blending rt info the surrounding land terms. 

Earth Sheltering— 1970 to the 
Present 

Environmental and ecological concerns were 
still the primary reasons for designing wrth the 
earth when John Barnard planned toe Ecology 
House m Massachusetts anc Don Metz 
completed his Winston House in Mew 
Hampshire in 1972. With the 1973 oil embargo, 
however toe energy advantages of building 
underground quickly came !o too fore 

Insufficient public awareness and 
understanding of earth sheltering concepts, 
coupled with a lack of construe non expertise 



Typical waterproofing detail for earth -covered 
roof (butyl rubber membrane) 
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related to this type of building kept the 
numbers ol such houses quite low. however by 
1976 fewer than fifty truly earth sheltered 
houses had been built in the entire United 
States. Over the pas! several years, both of 
these obstacles have been overcome to a great 
extern— the former, through articles and books 
about earth sheltering, and the latter as 
contractors and builders have, ih rough direct 
arte sometimes painful experience, developed 
sale and increasingly cost-effective construction 
techniques, 

Through the sixties and early seventies, a 
lew farsighted, innovative archil acts continued to 
design and build earth sheltered houses with 
little fanfare and without arousing a great deal 
ol interest by either the media or the genera 
public. As energy costs continued their steady 
climb, however, these houses became the 
obsecl of increasing attention and curiosity 

the extent ol the public's desire for more 
specific information about earth sheltering 
became evident early in T97B. when the 
Underground Space Center published the first 
basic guide to the concepts and technology of 
earth sheltering, Earth Sheltered Housing 
Design: Guidelines, Examples., and References. 

With some trepidation, the authors ordered an 
initial printing of 4,000 copses. Much to their 
surprise, requests tor the book began arriving 
before they had finished writing it. and the first 
printing sold out in three months. By 1981, 
more than 160.000 copies of !he book had 
been sold, end sales are still going strong 

Earth Sheltered Housing Design was written 
as pari of a research stocJy commissioned by 
(he Minnesota legislature. Since that prof eel 
was completed, the Underground Space Center 
and other research centers have studied earth 
sheltered solutions lo many existing 
environmental and population problems Several 
of these organizations otter academic anc or 
short courses, conferences and seminars on 
various aspects of earth shearing lech no logy 

Now trial a number of the initial uncertainties 
about structural design, proper waterproofing 
techniques, and optimal insulation in stall ati on 
have been dealt with ih rough experience 
ia ! though questions of "ideai slmclure and 
insulation, for example, are by no means fully 
answered) many researchers are turning their 
attention to gathering and analyzing reliable 
date on the thermal performance of earth 


sheltered structures The Underground Space 
Center, Oklahoma State University, and the 
University of Missouri al Aolla have all been 
involved in research projects studying energy- 
use by underground homes 
Al Texas Tech University professors have 
studied the role earth shearing plays in 
mitigating the effects of natural disasters and 
issues related So interior design and consumer 
acceptance of earth sheltered homes. Both the 
Underground Space Center and the University 
of Texas al Arlington have evaluated the impact 
of earth sheltering technology On community 
design; the Underground Space Center's book. 
Earth Sheltered Community Design , published 
In 1981 examines such community 
developments s n depth. 


Legislation and Earth 
Sheltered Homes 

On the federal government level, the most 
important legislation to date concerning earth 
sheltered housing is the Solar Energy and 
Energy Conservation Bank BHL passed by the 
United States Congress in the summer of i960. 
This bill provides low-interest loans for earth 
sheltered homes, as well as for houses that 
incorporate passive solar and other energy- 
conserving features. 

Energy agencies in a number ot 
states— including Michigan California. 

Wisconsin Missouri, and Montana- have shewn 
interest in earth sheltered housing In Minnesota 
earth sheltering is among the energy features 
for which home owners can claim state income 
tax credits; Indiana provides similar tax credits 
for earth sheltered homes Incorporating passive 
solaT design. In addition, seven o) the houses 
described in this book were built with funding 
provided by the Minnesota legislature (or the 
Earth Sheltered Housing Demonstration Project. 

But despite legislation and increasing general 
awareness of the value of earth sheltenng. 
experts m this field agree that — like many 
innovative technologies — it is not yet fully 
accepted by eiiher professionals or the gene's' 
public. This lack ot acceptance is not entirely 
due lo thr unique structural requirement of 
earth sheltered buildings or to negative 
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psychological reactions from the public. A 19BO 
study by the Underground Space Center for the 
Department of Housing and Urban Development 
(HUD) found that major abbacies to increased 
construction of such houses have to do with 
exiting financial practices, zoning ordinances 
and bu if ding code requirements 
.As more earth sheltered homes have been 
buff! anc more information about them has 
become available much of she initial skepticism 
with which earth sheltering concepts were 
greeted by bankers, other lending institution 
personnel, cade officials, and appraisers — as 
wel' as quite a few members of the genera? 
pubfic — has gradually given way to an 
increasing acceptance, Bui not unb enough 
successful examples of earth sheltered 
dwellings are built and enough reliable energy 
data are gathered and analyzed wifi the 
severest critics be convinced that earth 
sheltered houses are nol just a passing fad 
The twenty-three homos in this book— homes 
built for durability, comfort and energy 
efficiency — should help dispel that notion 
Although Ihese home owners wilt experience 
the immediate. hired gains from earth 
s belts "sng in the money they will save on luef 
bil ! s— as wel as the reduced maintenance, 
quiet, and protection p r ovided by their 
homes — it is the community as large thal will 
benefit over the long term from the aesthetic 
and environmental bene fils this unique type of 
architecture provides 



Metz house entrance, Lyme. New Hampshire 




Introduction 


The seven MHFA houses provide an 
excellent introduction to the variety of design 
options available Co those interested in building 
an earth sheltered residence. The pfans range 
from the basic one- story design of ihe Camden 
State Part house to the rattier unusual 
enclosed alrium" design employed in the 
Waseca house 

The houses also illustrate ways in whtoh 
design details — such &s wood decking on the 
Whitewater and Wild River Stale Park houses 
the concrete pipes used as relaining walls in 
the Camden State Park house, and the utilities 
shaft of the Burnsville house — can be used to 
imparl a sense of uniqueness to She elevaSional 
plan typical of many earth sheltered homes. 

in addition, the variety of the site 
settings — which include urban (Seward town 
houses), suburban (Burnsville house!, small 


town i Waseca and Will mar!, and rural (the 
three stale park houses} — demonstrates that 
earth sheltering technology can be applied in 
widefy different locales 

In compering these houses, il is important ip 
note that, despite major differences in aspects 
of design, detailing, and -ocation. all the homes 
incorporate passive so*ar features T he 
designers' emphasis on taking advantage of (he 
dual benefits to be gained irom combining earth 
sheltenng with passive solar technologies is a 
concept shared wilh many architects and 
builders of earth sheltered structures The 
Importance of using both technologies m 
conjunction in order to achieve maximum 
aesthetic and energy -conservation goals cannol 
be overemphasrzed 

Construction costs (excluding construction 
financing, land costs, and legal and 


administrative fees) are summarized tor each 
earth shelte T ed home built under (he MHFA 
demonstration project It should be noted that, 
in general these costs are somewhat higher (in 
constant dollars) than would be the case for 
comparable earth sheared homes being built 
today, due sn part to special contractual 
conditions of the project In addition, these 
houses were built dunng a period when The 
slate was experiencing a concrete shortage and 
a construction boom, contributing (o higher 
posts for both materials and labor Finally, 
some ot the labor costs undoubtedly reflect the 
fact that few builders had had experience in 
using techniques associated with p^nh sheltered 
construction af the time these homes were 
built. 
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Camden State Park House 


Camden State Park house demon si rates Architect Peter Pfi$ier of the Architectural of the budding are the kitchen, eating bath, 

how unique and interesting details can he Alliance has replaced traditional feta in mg walls and utility areas. At the back of the house, a 

incorporated :nto a bas^c, straightforward design with laTge precast concrete pipes at the soulh wood-frame tower projeclmq through the root 

yie ding a house that looks distinctive but i$ comers of the building. In addition to retaining contains two large skylights that provide light to 

architecturally unpretentious and uncomplicated. earth for grade changes, the pipes support the the f ea? of the house, solar condors used tor 

Its simplicity as$o helps the house biend in well trellis above the south-facing windows and give operatic an active domestic hot wafer heating 

with the natural environment of the park. Like a sculptured look to the face of the hptise. On system, and a surbine ventilator for cross- 

mo Whitewater State Park house ''pages 46- the east side of the structure a larger precast ventilation in summer. 

49| She Camden house can accommodate bipe covered with earth serves as Ihe ft is expected that the passive solar gain 

several family suzes and a variety iif ifestyles entrance-way By using the concrele pipe combined with energy conservation aspects 

Oriented south to take advantage gl passive Pfister has designed an attractive enhance such as earth sheltering and automatic, motor- 

solar gam Hie house Ires near Ehe park withoul having to completely break Ihe earth operated nighttime wrndow insulation on the 

entrance an ihe edge of a reclaimed i£Q-acre berm on thal side ot the house maior glass areas, will significantly reduce the 

1 4fl-ha) grave ; prr operation Natural regrowih of Tfie south-lacing oedmonrs and living rooms heating demand of the house 

the area, starting wtth cononwood trees, wit! be receive low-angte winter sunshine and prpvrde 
allowed to occur emergency exits. On the northern interior side 
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Floor Plan 


Section 
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CONCRETE PIPE RETAINING WALL 

STEEL TRUSS SUNSHADE 
SUPPORT 

METAL FLASHING 
EARTH COVER 

SAND OR GRAVEL DRAINAGE 
LAVER 


PLYWOOD CUR© 
FIBERGLASS INSULATION 


PLYWOOD SUPPORT FIN 


RIGID INSULATION 
PRECAST CONCRETE PLANK 


ROLL-UP SHADE 
WATERPROOF MEMBRANE 
RIGID INSULATION WITH 

moisturephoof MEMBRANE 

HEAT SUPPLY DUCT 


South Wall Roof Detail 
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LOCATION: 

ARCHITECT: 

ENGINEER: 

CONTRACTOR: 

CONSTRUCTED: 


Camden State Park. 
Lynd, Mmnesote 
Architectural Alliance 
Brassier Armitage Lunde 
Bladhclrm and Hess 
June iflsa 


GROSS AREA 
STRUCTURE: 


EARTH COVER: 
INSULATION: 


WATERPROOFING: 


t.G40 ftq. ft, (14B ca) 
Reinforced concrete block 
walls, precast concrete 
roof, concrete slab-an- 
grade floor 

&0% on roof et IS In. (46 cm) 

BQ% on walls 

Roof — 4 In. (10 cm) rigid 

insulation 

Walls— 4 In. (10 cm) rigid 

insulation 

Butyl membrane 


HEATING 

DEGREE DA VS: &.000 

HEATING SYSTEM. Passive solar, wood, electric 
backup 

COOLING SYSTEM: Natural ventilation 


CONSTRUCTION 

COSTS": 

Shie work $ 4.800 

Concrete masonry 27,340 

Waterprogfino 1 5.300 

Carpentry 23 760 

HeaUn^ plumbing • Q .CflO 

Electrical 4.830 

Interior finishes $.700 

General requiremams 5,5 4? 


TOTAL »f 09,175 


'TtiSse costs reflect gpecia MHFA Oemonstranon Protect 'equire- 
me<-lii and oonstrwjlion nduMry condltkvns. 
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Realtor in southwest Minnesota. where this The designers have maximized She earth light to the rear spaces of the house. At the 

house is ocated, say that the most frequently cover by using berms up to the window sills on lop of the clerestory skylight space a Ian 

asked questions by potential home buyers the lower eve!. A south overhang provides supplements the natural rate of air flow in the 

concern energy costs Geneses Architecture shading for the glass in summer and allows house; set on a thermostat in Ihe kitchen A 

incorporated earth sheltering and passive so*ar winter sun to penetrate Ihe entire depth of the operates automatically Two shafts, containing 

features into this house with energy house in winter plumbing vents and exhaust Ian venls. 

conservation In mi net. A forcetf-air, electric furnace is the primary penetrate the roof through the cferestory. thus 

Located on a sou th-slo ping site, the Wlilmar heating source tosr the house Direct passive avoiding extra protrusions through She root of 

house is a good Ulus! ration of a typical two- soter gam, stored m she quarry-tiie-on-concrate the house. 

story ei-evasional earth sheltered home design floor, supplements Ihe furnace heat, along with In addition to the energy savings Ihe house 

On the upper level, me mam living spaces are a fireplace with a heating coil connected to Ihe offers, the owner cites quietness end security 

grouped around south-facing windows, the air return, The south -facing, double-glazed from severe weather as advantages of this 

bedrooms are located on the cooler lower level windows have insulated panels on the inside tg earth sheltered home. 

A deck on the east end of Ihe house provides keep warmlh in on cloudy days and at ntght. 

additional view and cross-ventilation. A demstory provides ventilation and naturai 
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Upper Floor Plan 
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laminated wood columns 

EARTH COVER 

tongue and groove wood 
DECKING 

LAMINATED WOOD RAFTERS 
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OARAGE OF POURED CONCRETE 
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LOCATION: 

Wlllmar, Minnesota 

ARCHITECT 

Genesis Architecture 

ENGINEER: 

LWSM 

CONTRACTOR: 

Wlltmer Area Vocallonal 
Technical Institute, carpentry 
program 

CONSTRUCTED: 

1978 

GROSS AREA: 

2.204 sq. ft. (198 Os) 

STRUCTURE: 

Reinforced Concrete and wood 
stud wells, laminated wood 
beams with wood roof decking, 
precast and concrete slab-on* 
grade floors 

EARTH COVER: 

B4% on roof a! tS In. (46 cm] 
59% on walls 

INSULATION: 

Roof — 4 in. (ID cmi rlqid 


Insulation 

Walls — A in. (IQ cm) rigid 
insulation cm block waffs, 

$ in. (15 cm) fiberglass 
bati Insulation In stud walls 

WATERPROOFING: Butyl rubber on wood roof, 

bentonite panels on concrete 
root and walls 

HEATfNG 

degree DAYS: 8,3*2 

HEATING SYSTEM: Electric furnace, passive solar, 

wood 

COOLING SYSTEM; Natural ventllsllQb 

CONSTRUCTION 


COSTS*: 

Site work 5 9^90 

Concrete ma sen ry 1 3_ 275 

Waterproofing 7. 1 70 

Metals 2,^25 

Carpentry 2l!«D 

Heabng 1,945 

P^mbrng 4.040 

Beclncal Z9SA 

Intel tor tinahee 7.500 

TOTAL *70,240 


rjaE costs, reflect speem MHt-A Demonsl ration Pro'ccl require- 
rnenas an - : HXal nmstmction industry cone tons 



Temperature Data 


oglSide hctise 
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On a sunny. {33.3 L C? day, Ehe temperatims 
inaede sinks urnair- conditioned house i uctusted 
hA'F (3°Ci Tempi^aiur&s ?afce- from seniors at 
itie uppfr r arte lower levs is o! tne .-op&e during 
sarre day d^sred bv a n",axim-jrr Bo'F 
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Waseca House 


The Design Consortium set out to ctesrgn an 
energy-efficient home that would no! require the 
south -s -oping orientation and mear room 
arrangement typical of many earth sheltered 
houses. The result is an 'enclosed’ a tnum "Type 
home that is distinctly differed from the 
majority of designs associated with earth 
sheltered architecture. 

Like most atrium designs, the Waseca 
house is internally oriented, with rooms 
organized around a central light source, rather 
than overlooking an extenor landscape The 
T 300-square-foot 490-ca) living area is. 
however, considerably smaller than that of most 
atngm-type earth she-tered homes. This house 


demonstrates that an alnum plan need nol 
necessitate mere space than other types of 
earth sheltered house designs. In this case, the 
designers chose to use the atnum soace in a 
unique and -economical way — as a major living 
area. 

The floor plan is organized so that the 
living dining room is the hub of activity for the 
occupants, At the four corners of this central 
space are the smaller, more pnvate living areas 
such as bedrooms and family r corns These are 
connected to the front and rear courtyards by 
sliding g?ass doors, allowing natural fight and 
ventilation to penetrate the interior of the 
house The mechanical, storage and bathroom 


spaces which do not tequila exterior views are 
located away Irom the naturally lighted areas cl 
the house. 

Operable clerestory windows in the raised 
roof atrium area permit kghl to penetrate to the 
major living space in cooter months and provide 
ventilation in summer. By opening the 
courtyards at both ends this area benefits from 
dual exterior exposure and ihcrough cross- 
ventilation Massed evergreen plantings 
sheltering the rear courtyard increase IhE 
occupants sense of privacy white reflecting the 
nalural surroundings 
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LOCATION: Waseoa, Minnesota 

ARCHITECT; Design Consortium. Inc. 

ENGINEER: Nelson Rudie Associates 

CONTRACTOR: Assoc tated Cumber Marts 

CONSTRUCTED: 1$&0 

P HQTQG R APH Y : ■' 1 9BQ . Ph I Flip Mac Mttlan James 

G ROSS AREA: 1 , 300 sq. ft, (1 1 7 ca) 

STRUCTURE: Reinforced concrete block 

walls, precast concrete 
planks with sloped concrete 
topping roof, concrete siats-orv 
grade floor 

EARTH COVER: 90% on. roof at 24 In, (fit cm) 

76% on walls 

INSULATION: Root— 3 In. *8 cm} rigid 

Insulation 

Walls— 2 In, (5 cm) rigid 
Insulation 

WATERPROOFING: Bentonite 

HEATING SYSTEM; Gas to rced-slr furnace, electric 
backup, heat-circulating 
fireplace 

COOUNG SYSTEM: Natural ventilation 

CONSTRUCTION 

COSTS': 

Ska wor*q S 7,635 

Concrete- masonry 37.020 

Metals L230 

Waterproofing 5, 935 

Carpentry 53.060 

He®t:ng/pfamL ng 6.100 

Electrlca 1 12.000 

Interior wo* 1 5,730 

TOTAL SI 39,650 

' These costs reflect special fJHFA Camonstrelion Project THtpaire- 
qia^ts and local oonslnjcton industry corndilions 



SUNKEN COURT 
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BUILDING OUTLINE UNDER EARTH 

HEAT-GAINING SKYLIGHT A&QVE 
ATRIUM LIVING ROOM 

FRONT ENTRY — v 


Aerial View (axonometric) 



33 



Burnsville House 


This suburban Minneapolis home was 
q e signed lo meat three objectives: conservation 
of energy by using earth sheltering and 
insulation in conjunction with passive so-ar 
'leasing, reasonable construction costs, ana 
integral ion of energy efficiency and cost 
effectiveness with an aesthetically pleasing 
design that uses ’he earth cover as a oosltive 
design feature. 

A major factor iniJuencing the design of ihe 
Burnsville nouse was Ihe challenge presented 
by ihe steeply sloping, heavily wooded site 
Working with the stope the designers placed 
ihe house into an sash west ndge lhal stones 
away to Ihe north and south 

By opening the house to both the north and 
south sKfes, the architects have separated the 
more public entry and driveway area (on the 
ngnhi froth' the private view of the outdoors, 
which toces onto the primary living spaces. The 
original slopes lo the site have oeen maintained 
so that the house biends in vary nature iy with 


the surrounding land forms. Treated timber 
retaining wa' ; s and planters harmonize with the 
rough cedar siding used on the exterior, which 
in turn has weathered to reflect Ihe natural 
colors of the woods, 

An outdoor P&ck— placed at the east end of 
the house so as not to interfere with the 
sunlight to the tower level — provides an exit to 
grade from Ihe Jiving areas, which are located 
on the uppe r 'eve; in addition to reducing the 
area required tor the exterior building envelope, 
the comoact two*story configuration of the 
house minimizes the potential problem of 
lengthy internal circulation 

The roof of the house is completely covered 
with earth, as are most of the east. west, and 
north waits The designers made significant use 
of retaining walls to manipulate She eahh Tor 
the elevafionai changes than were required to 
achieve earth sheltering to the roof pi Ihe 
structure. 

An tne Utah ties have been consolidated in a 


shaft that extends up ihe middle of ihe south- 
facing front of the house. By means of this 
unique design feature, rool penetrations through 
the waterproofing and concrete roof plank have 
been avoided 

The Sloped rool and rather narrow plan 
allow greeter penetration of sunlight into the 
living spaces Additional solar heat gain, as we : 
as substance! natural light ss remitted through 
Ihe irge clerestory windows The living spaces 
on the upper floor act as col lectors for direct 
passive solar gain. Solar radiation is absorbed 
by the dark brown ungiazed ceramic tiles of 
the mtermedra'e floor, which then release heat 
Into spaces on both levels of the house 

in summer, sunshades over the windows, m 
combination with ihe toll deciduous trees cn the 
south side ol the house keep out direci sun 
The north entry and operable clerestory 
windows hep provide natural ventilation 
throughout the house. 
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Bum swill*, Minnesota 
John Carmody, Tom Ellison 


LOCATION: 

ARCHITECT: 

STRUCTURAL 

ENGINEER: 

mechanical 

ENGINEER: 

CONTRACTOR: 

CONSTRUCTED: 

PHOTOGRAPHY 


Terry Tillman 

Ellison Design & Construction 
1979 

Tom EiHson 


1 .950 sq, ft. (176 ea) 

12 In. (30 cm) rainforced 
concrete block and 2x6 
wood stud waHc r precast 
concrete plank roof, precast 
and concrete slab-on-grade 
floors 

100% on roof 

60% on walls 

Roof— 6 In. (15 cm) rigid 

Insulation 

WhIIs — 4 In. (10 cm) rigid 
Insulation, tapering to 1 In. 


GROSS AREA 
STRUCTURE: 


EARTH COVEH 


INSULATION 


(2.5 cm) 

WATERPROOFING: Butyl rubber membrane 

HEATING 

DEGREE DAYS: 6,332 

HEATING SYSTEM: Electric furnace, forced-air 

system 

COOLING SYSTEM: Natural 


construction 

COSTS*: 

Site work SI 7.010 

Concrete masonry 17,430 

W-aierpraoNng 7,310 

Carpentry 4fL715 

Heating 1 ,790 

Plumping 2,790 

Electrical 2,590 

Interior nroshes 7,290 

General reouHtrrnenls 5,000 

TOTAL 199,925 



12 y 6 9 KOOH 3 6 S t2 


The temperaiure inside Ibis un-sar-wnditioned 
house varied 7 F C3.9 B €) on a sunny : r Z=F 
(22 2 Q day. The maximum lemperaiurB 
straN^catron — iakerr From sensors located at the 
calling peak and ei Lbe lower level of She 
house— was 5.75 a F (3,2*0 during the same day. 



'Tnese oasis nrllflCt specie MH FA hemon&l'adon Prefect f*qi. ir&- 
m«ms and total conslniction industry H5rrdW«anti 
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Seward Town Houses 


One of the most innovative and unusual 
earth sheltered housing projects to date, the 
Sewarci town house development resulted from 
a cooperative effort involving the community 
and Ihe architects. The site, located 
immediately adjacent ro a very ousy section of 
treeway and adjoining a m^jor intersection, had 
become undesirable to most residents 
developers. It was s'ated tor use by a mafor 
restaurant chain when Sewarci West Reassign 
a nonprofit neigh ogrhood corpora iron concerned 
about increasing ccrnmerctalizatEon of r he area 
proposed an alter native an eadh sheltered 
residential complex. 

The town houses demonstrate how a 
though tfu I we 1 1- planned! design can turn 
norma ly undesireoie sile charactenstics tc 
advantage through the application el eadh 


sheltenng and passive $Olar techniques For 
example, the fact that the noisy freeway is 
located immediately north ol the site dictated 
that the complex face south— ihe idea' 
orientation for passive sofar gain in addition 
by facing ihe units south and creating a be'n 
of earth over the north end and both sides pi 
the complex, the architects successfully 
dampened' the freeway noise 
The twelve-unit mine two- bedroom three 
three' bed room i development is completely 
covered oy oerms on the three sides; the rool 
■s planted with long natural grasses. The nohh 
oerm. designed as a continuation of the grassy 
edge predominant along the freeway, is 
punctual ed oy entrances to each of the units 
On the south are located the primary entrances 
and the individual Linn courtyards where owners 


may plant gardens or shrubs. 

To make the town house units as energy- 
ehic ent as possible the architects tncorpprated 
both an active solar system and passive so'ar 
features m the design The active solar system 
consists o! nterconnected forced -sir llal-plate 
collectors atop the roof i seven panels for each 
two-bedroom unit, nme panels for the three- 
bedroom units) capable of preheating Ihe 
domestic water and storing excess heat in a 
rock storage box in !he mechanics! room 

The south orten ration of the windows, 
combined with manually cp era red exlenor 
•nsu fating rolling shades contributes to a 
Significant pass ve sola r ga-n in addition, me 
hollow precast floor acts as a warm air plenum 
as Jans cistribute heat evenly by forcing air 
through the cores of tne lloor 
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Lower Floor Plan 
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Nfo£e !hjir (he temperature ■ neide ihs un-air - 
caJMiiticned lown (louse varied less than 5 4 'F 
i3'-C| throughout a sunny, y-* : F {34.4-'Cj day 
Mor-eovefn temperatures taker- tram the upper and 
lower towels ol ifte house vairittd a nasi mum of 
only 2 5 F (1,4*0 during the same day. 














PRECAST CONCRETE 
ROOF PLANKS 
CONTINUOUS FLASHING 
FROM SKYLIGHT CURB 
TO GfiAOe BELOW 
waterproof 

MEMBRANE 
WOOD CURB 
POLYESTER BOARD 
NAILED AND GLUED TO 
EMULATION AND S X 2 
■FURRING strips 

SKYLIGHT 
RIGID INSULATION 


CONTINUOUS TREATED - 
TIMBER PEAOMAN WUH 
EYEBOLTS 

TIE-SACK CABLES — — 
21 SLOPE ON BERM— 

SWALE at bottom 

COMPACTED GRANULAR 

backfill 

TREATED TIMBER HELD - 
TOGETHER WITH 10-IN. 
GALVANIZED STEEL 
SPIKES 

GALVANIZED STEEL 

eyebolts 

original GRADE —i 
sidewalk — i 


Retaining Walt Detail 


Skylight Detail 


LOCATION: Minneapolis. Minnesota 

ARCHITECT : Michael Dunn Close 

Associates, Inc. 

ENGINEER, Meyer. Bergman & Johnson, 

Inc. 

CONTRACTOR: Kraut- Aneferson of St Paul 

CONSTRUCTED: 1973 

PHOTOGRAPHY: J-erry Malhiason 

GROSS AREA- 13,746 tolal sq. ft. \ 1,237 cal 

1,337 sq, ft, per three- 
bedroom unit (3) 

1,065 sq. ft. per two- 

bedroom unit (9) 

STRUCTURE: Reinforced concrete block and 

wood stud walls, precast 
concrete 1 roof- precast panel 
and slab-on-grade Moors 

EARTH COVER:: 100% on root at IS In. (46 cm) 

95% on walls 

INSULATION: Roof — 4 in. (10 cm) rigid 

insulation 

Walls — 3 In. (fl cm) rigid 
insulation on concrete block 
walls, S in, (15 cm) fiberglass 
bait insulation in wood stud 
walls 

WATERPROOFING: Sprayed-on bentonite 

HEATING 

DEGREE DAYS: 7,906 

HEATING SYSTEM: Gas forced-air furnace, active 

and passive solar 

COOLING SYSTEM: Natural ventilation 



CONSTRUCTION 

COST: 1703,315 

■These costs refect speda MM FA DemooStraticin Prc ; ecl r equ- r u- 
men-s and oca 1 ccnsirijctkjf! ndueby ecncfetions 


SOLAR COLLECTORS 







Wild River State Park House 


Both the construction methods ana building 
matenais lor the Wild River State Park house 
were deliberately limited — to techniques familiar 
io and commonly used by builders of small 
rural houses, and to materials generally 
available in umber yards of small ccmmunrties 
The archilects * imposed these I limitations 
because of the relative remoteness at the 
hrjusO site from a -arge urban area and in 
order to demonstrate that an energy- efficient 
hause that uses passive solar collection and 
storage techniques can be constructed with 
materials readily available to The general public. 

Set into a south- facing hillside with the 
south wall on anted 15 degrees east of south 
the Wkid River house oenefits from passive 
solar gam The enlire north wall, most o! the 
west wall, and pod ions of foe east and south 


wails are eadh sheltered The existing so: — a 
sand gravel mix — is deal for drainage and 
lessened the problems of waterproofing the 
house. 

On the east end of the upper level, a large 
deck provides occupants with additional space 
and a view of the natural park surroundings. A 
4-foot' wide (1 2-mi deck along the south side 
of the house also serves as a summer sun 
shade for foe tower- level windows 

Between the norih. sloped ( 5 l2 pitch i half 
of ihe roof and the flat south half o( the roof 
grg manually ape r abie e erestory windows 
These provide natural fight for the rooms at the 
back of the uppe^ floor of the house and in 
summer ventilate the high ceding spaces that 
normally collect and stratify hot air The 
clerestory windows are equippea with manually 


operated, insured shutters trial am dosed 
during winter nighttime hours and on coudy 
winter days 1c reduce heat toss We 1 ' integrated 
with the shapes and materials used in the 
house the shutters appear to be almost a pari 
of the structure when they are in the open 
position and ate unobtrusive when dosed Rooi 
overhangs at both the stope-d and flat roofs are 
designed to shade glass areas and to allow all 
midwinter sunlight lo enter she house. 

To eliminate stratification of hor air at toe 
tap ol the h>gh. sloped ceding an the upper 
level a circulating fan draws a :, - r through slate 
in the fins between the clerestory windows The 
air is then ditec tea through ducts into a rock 
brn located below the floor of toe sower-level 
family room and is returned to the forced-a-r 
furnace 
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Temperature Data 
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3 6 9 NOChH 0 6 9 12 

Thfougiiaui this sunny. $2'F t33 Juty cay. 

I he interior temperature o' this house 'l ociuated 
14 ; F iT.S'C) The maximum iemperature 
differential Between the upper and lower -cveb o< 
me neuse curing the- same day was 21"F 
(tl.TCj. 
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Lower Floor Plan 
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WARM AIR RETURN DUCT 
CLERESTORY WINDOWS 
INSULATING WINDOW SHUTTERS 
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Clerestory Detail 
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LOCATION: 

ARCHITECT; 

STRUCTURAL 

ENGINEER: 

mechanical 

ENGINEER: 

CONTRACTOR: 

CONSTRUCTED: 


Wild River Slate Park. 
Chisago County, Minnesota 
McGuire, Engler. Davis 
Architects 

Bredow Associates. Inc, 

Chasney Associates 
Herb Laison Construction 
Spring iSAO 


□ ROSS AREA: 
STRUCTURE: 


EARTH COVER: 
INSULATION: 


WATERPROOFING: 


1.9H sq. ft, (174 ca| 

Wood stud and rein forced 
concrete block walls: wood 
beam and deck roof; wood 
joist and concrete alabnan- 
grade floors 

EB% on roof at IS In. (46 cm) 
50% on walls 
Roof — 2 in. (S cm) rigid 
Insulation on sloped roof, 

6 In, (IS cm) fiberglass 
batt Insulation on flsl roof 
Walls— a In. (5 cm) rigid 
Insulation on exterior of 
concrete block, 6 in, (15 cm) 
fiberglass batt insulation In 
stud wall 

Hoof— butyl membrane 
Walls— trowel ed-on mastic 


HEATING 

DEGREE DAYS: 8,159 

HEATING SYSTEM; Wood-fired forced-air furnace, 
electric colls In supply ducts, 
wood stove 

COOLING SYSTEM: Natural ventilation 


CONSTRUCTION 

COSTS': 

SUB WQi'fc 

Concrete njjwn-fy 

Waterproofing 

Carps rUry 

HeaLng 

Plumbing 

Electrical 

Inlarar Finishes 

Genera -eqc ire^-enSs 


5 7 , 820 
18,220 
6,970 
48.420 
5.900 
3.700 
2 500 
9.100 
&.5£S 


TOTAL Si 09,1 S5 


'These costs r&Hect special- MHFA OenlDnst 1 aEiori Project requ ra- 
1 vents anC 'oca! const-ucPo^ nduStry CondrMirfcS 



an assigning this park manager's residence. 
C ose Associates wanted to provide a space 
arrangement flexible enough to comfortably 
bouse various family sizes— an important 
consideration due to the high turnover among 
park managers Additionally, the design had to 
provide both a public reception area and 
privacy tor the residents The first requirement 
was met by including three bedrooms lhal 
•"ouo be used alternatively as a study nr den 
The second concern was resolved by designing 
an entry vestibule roomy enough to 
accommodate a desk and several viators bu f 
separated from the family living area by gta&s 
doors 

Sited al an angle to a genfie. southwesl 


slope, the house faces predominantly south lo 
benefit from soi&r heat gam The hill wraps 
around the stoic tore on three sides, with a 
break for the garage and main ent^ 

ADdve the entry area and stairway a high 
vaulted ceiling projects through the earth- 
covered root providing nature light bom dome- 
shaped skylights The roof bf ibis clerestory is 
sloped at a A&degree angle in order to 
maximise the benefits of racifJop solar collector 
panels which are used exclusively to? 
preheating the water supply Two older 
skylights supply additional natural light to the 
kitchen and Irving areas 

The active solar system consists of I wo 
features- the rooftop solar panels, and vertical 


panels on the south wall which collect neat that 
is either directly used to heal the house or 
stored in a rock bin until needed Unlike she 
roof collectors, which are used the year-round, 
the vertical solar collectors operate only in 
winter 

Passive solar benefits are obtained via the 
south-facing glazing, which allows the sun to 
slrike and warm the hollow precast concrete 
Boor By pe muffing air flow in all directions. !he 
precast panels approximate a warm air plenum 
through which air is continuously forced by the 
furnace fan — thus evenly distributing the solar 
neat The masonry mass of the house also 
stores heal hem passive gain 
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AWNING WINDOW 


EARTH COVER 
METAL FLASHING 
WOOD CURB 

POURED CONCRETE FACIA 
WATERPROOF MEMBRANE 
RIGID INSULA-DON 
PITCH AND TARRED FELT 
PRECAST CONCRETE PLANA. 

STEEL BEAM ANCHORED TO CONCRETE PLANK 
COOL AFR DUOT FROM ROCK BIN 


CASEMENT WINDOW 


2 X 6 STUD WALL WITH WO 00 LAP SFDING, 
PLYWOOD SHEATHING, FFBERGLASS 
INSULATION, GYPSUM BOARD INTERIOR 
PRECAST CONCRETE PLANK 
STEEL SEAM ANCHORED TO CONCRETE PLANK 
FIBERGLASS INSULATION 


CASEMENT WINDOW 

STEEL COLUMN FROM ROOF PLANK TO 
FOOTING 


CAST-IN-PLACE CONCRETE SILL 
ROCK BACKFILL 

concrete block wall 

FIBERGLASS INSULATION 

SstZge b 5™ S0L,n co, - LECTDRS T0 

CONCRETE FLOOR SLAB 
VAPOR BARRIER 
SAND LATER 


South Wall Detail 
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LOCATION: 


ARCHITECT ; 

STRUCTURAL 

ENGINEER: 


Whitewater State Park 
St, Charles. Minnesota 
Close Associates. Inc. 

Meyer. Gorgman & Johnson, 
Inc. 


MECHANICAL 

ENGINEER: 


CONTRACTOR: 

CONSTRUCTED: 


John Borry — backup healing 
system 

Solar Arch hed 
Engineer eg — active solar 
collsctor systems 
Waiter Lumber Company 
July 1980 


GROSS AREA: 1,891 sq. ft. (170 ca) 

STRUCTURE: Reinforced concrete block 

walls, NElCOrt precast panel 
roof. N I Icon precast panel 
and elab-on-grade lloor 

EARTH COVER: 1 00% on rod al 18 In. (46 cm} 

75% on walls 

INSULATION: Hoof— * in. (19 cm} rigid 

Insulation 

Walls (above grade) — 4 In. 

(10 cm) fill In cavity ol west 
wall: 1 Vi In. (4 cm) rigid 
insulation elsewhere 

WATERPROOFING: Bulll-up coal-tar bitumen 

and tetrad felt 



GARAGE 


MECHAklCAL 


kitchen 


SCLAH heat I ■ 

STORAGE Ilf 


LIVING ROOM 


BEDHOQH BECflCOM 


Upper Floor Flan'T*N 


16 Lower Floor Plan 


HEATING 

DEGREE DAYS: 7.859 

HEATING SYSTEM: Electric torced-elr furnace, 

active and passive solar 
COO LING SY STE M : Nat ural vent I la E ion 


CONSTRUCTION 

COSTS*: 

Site work S 5.625 

Concrete-masonry 27.560 

Metals 2.O05 

WatarpfCKil'.ng 6.040 

Carpentry 23. 755 

Hear, ng, plumbing 25 .405 

Elecflical 3,985 

Interior finishes 5.625 

Ge^eftb! reoylremerls _ 3,t6Q 

TOTAL S99.040 


'These- costs rc J led SbSO'si MHFA DemoGgir =i'nn “tOitCl r egu ’ la- 
ments and local oonSthjdBn industry contfrrons 







Introduction 


In terms of structure, house plan |ype : size, 
climate, and location, the sixteen houses in this 
section illustrate the variety ot earth sheltered 
house designs and configurations possible in a 
range of climates. 

Mosl of these houses use conventional Hat- 
roofed structural systems that include concrete 
walls with a precast Or poured concrete roof. 
Others however involve more unusual 
structural systems — Terra- Dome s dome -shaped 
modules, Archrterra's curvilinear rear wall, and 
i he wood roofs of the Earthteoh FeuiUe, and 
Suncave houses, lor example. The curved 
retaining walte of the Suncave and Remington 
houses and Ihe absence of retaining walls in (he 
Hadley house are olher variations on the typical 
structural design of earth sheltered houses 

Reflecting the popularity of the elevation a! 
rype of house design, many of the houses in 
mis section are elevation aj structures se’ info 
south -facing slopes A number of other 
configurations are also included. pomhmg up the 
versatility of basic eanh sheltered designs The 
ClaiiK residence is an atnum-type design, the 


Slicks S Stones and Wheeler houses combine 
atrium with etevationai features, and the 
Eartntech 5 and 6 houses expose the west as 
weli as south walls — a variation on the 
elovational design 

Like the MHFA demonstration houses, nearly 
all the homes In this section employ features 
such as glaring on south wails and massive 
construction male rials in order to maximize 
passive solar gain potential associated with 
earth sheltered structures An exception the 
Moreland house in Texas Demonstrates that 
earth sheltering can also prove advantageous in 
terms of providing passive cooting benefits 
Several architects have included active solar 
features in their houses to reduce energy costs 
even further. The SunEadh home, for example 
combines a number of passive and active sotar 
features to achieve a high degree of energy 
efficiency. 

While the mainly of fhese houses are 
located in rural or suburban sett'ngs. where 
zoning ordnances and building codes are 
generally less troublesome than is true with 


urban sites, the Clark and Sticks & Stones 
homes testify to the ability of earth sheltered 
houses to complement and blend with 
conventional home styles in typical urban areas. 

Moreover, the Arehitetra development, like 
the Seward town houses built under the MHFA 
demonstration project, provides evidence that 
concepts of earth sheltering can be very 
successfully used in creating mu Hi residential 
complexes, often on sites considered unsuitable 
for residential construction The economic arid 
environmental benefits possible through such 
residenlia : developments con not— and should 
not — be overlooked by archilects and builders. 

The contrasts in style end appearance 
among these houses, as well as the MHFA 
demonstration homes, serve to underscore a 
point frequently emphasized by proponents of 
earth sheltering — namely, ihat ihis type of 
architecture permits designers considerable 
flexibility and ingenuity in creating comfortable, 
attractive, sate, end energy-efficient homes. 


S3 



Suncave 


Dug into the side of a southwest-lacing hill 
and; partly cove-red by earth on the roof. 
Suncave was the Firsi passive solar adobe 
home built on speculation. The earth sheltered 
design was a response to the sloping site 
characteristics. a request for low visibility irom 
the neighboring road and (he owners desire 
for a high degree of thermal integrity, 
achievable through earth sheltering Its earth- 
covered form permits ihe house to harmonize 
with the surrounding terrain minimize heal loss, 
and take maximum advantage of solar 
exposure 

This home is an excellent example □! how 
earth sheltering permits integration q! a nouse 
with its environment The earth tone of the 
brown adooe block used for the west exterior 
wall (and for an interior mass walls) matches 


ihe co'or of the surrounding soil, thus helping 
the house blond into the surrounding hill. 

Through the use of a curved retaining wall, 
ihe architects have created a gently sloping 
earth berm that echoes naturally occurring 
forms pf (he surrounding landscape In addition 
to giving the house facade a three-dimensional 
appearance rather uncommon among earth 
sheltered houses the arch l ike shape of the wall 
helps effectively resist lateral earth forced. By 
enclosing the space on the south side of the 
house, which is used as a pat'O, the curved 
wail ensures privacy while adding an outdoor 
Irving space for the occupants 

Like Ihe Wild River State Park house I pages 
4S-4-5) Suncave feaiures a clerestory Element 
and a partially earth -covered sloping roof The 
clerestory windows provide solar gain and 


natural light to the rooms at the back of the 
house, as well as assisting with natural 
ventilation Two skylights penetrate the north 
sloping roof over (he dining kitchen area, 
permitting spot fighting over the dining table 
find kitchen work space. 

The reinforced concrete masonry wails, 
adobe walls, and Floors constitute the main 
thermal mass of the house — a mass sufficient 
to keep the house comfortable without backup 
heating for several days in a climate where 
outsrde temperatures reach rt5‘ : F i-ze Ci. The 
sun provides aboul -66 percent of the required 
annual heating, less than a cord of Wood has 
been needed annually to maintain an interior 
temperature range of 65 -75 F (ie : '24"C> 
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Floor Plan 


a 2 d 


10 


SO0“COVEfl£[J ROOF 
BEYOND 


BUILT-UP ROOF 


CONCRETE BON'D BEAM 
STUCCO AND LATHE 
RIGID INSULATION 
ADOBE 
PLASTER 


BRICK FLOOR 


COMPACTED SAND 
RIGID INSULATION 



1 


kr*-*- : 

i’jfhki 

If -I: . 



r 

> l ■* HEM 


■ I ‘ : 5 » is* 


J4|;: %•« mz$i> 4 4 


Section 


a i ^ 


« Wall Section 



55 






LOCATION: 

Santa Fe, New Mexico 

ARCHITECT: 

David Wright 

ENGINEER: 

David Wright 

CONTRACTOR; 

Karen Terry 

CONSTRUCTED: 

1976 

GROSS AREA: 

1.500 sq. ft. (135 ca) 

STRUCTURE: 

Concrete masonry and adobe 
walls wood beam and decking 
roof. Orlck on sand floor 

EARTH COVER: 

60% on roof at 6 in. (IS cm) 
60% on walls 

INSULATION: 

Roof — 2 in. (5 cm) rigid 
Insulation, 6 in, (15 cm} 
fiberglass ban Insulation 
Walls — 2 in, (5 cm| rigid 
Insulation 

WATERPROOFING: 

Four-ply, 90-lb. builf-up roofing 

HEATING 

DEGREE DAVS: 

4.292 

HEATING SYSTEM:; 

Passive solar, acooe heal 
retention fireplaces 

COOLING SYSTEM 

Natural ventilation 




Remington House 


In merging gracefully with its natural wooded substantial natural light throughout the interior Inside temperatures were continuously 

site the Remington, house takes on a three- spaces. The skylight unit also ads as a solar recorded over a lout-season cycle the year that 

dimensional appearance rather unusual among heal sink from which warm return sir is the house was completed Over lhat one-veer 

earth sheltered homes This type ot facade 'ike circulated into ihe test of the house by the air oeriod, the highest temperature recorded was 

that of the Suncave dwelling (pages 54-57), is handler of a split heat pump system, in B3°F (28 : C). the lowest— recorded at 

largely due to the curved retaining wall 'hat addition, the unit was designed to Christmas in 1973, when ait systems in the 

wraps around the front of the house creating a accommodate eighteen linear concentrating house had been deliberately turned off for lour 

private outdoor courtyard, sotar collectors— not yet installed — to run a days — was 54 T (1£*C), The annual inside 

Another interesting aspect of this house is domestic hot water system. temperature averaged 71 f [22"C'i over !he 

ihe relatively large area covered by earth- the Even without the active solar system, the same period, when the average outside 

ratio of exposed wall area to square footege ns house has proven quite energy-efficient based temperature was 49 F [9'Cy 

quite low All ot the root and most of the walls on temperature monitonng figures and heating For the hrst winter, the total heating costs 

are earth covered The key id this plan is Ihe costs. The passive solar gam via She skylight is for the all-etectnc stnjcture were Si 80. S75 for 

Afl-toot 1,14.5-m:' continuous skylight— called a absorbed by the thermal mass Of the exposed two cords of wood. £t0 for coa:. and S95 for 

solar attic' by architect Richard Webster — lhat split-face concrete block, which has been used electricity i above basic appliance use) 

extends the length of the house and provides For both exterior and interior walls. 
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LOCATION; 

ARCHITECT: 

STRUCTURAL 

ENGINEER: 

MECHANICAL 

ENGINEER: 

CONTRACTOR: 

CONSTRUCTED; 

PHOTOGRAPHY 


GROSS AREA: 
STRUCTURE: 


EARTH COVER: 


INSULATION; 


WATERPROOFING; 


HEATING 
DEGREE DAYS; 
HEATING SYSTEM: 

COOLING SYSTEM: 


Asheville, North Caroline 
Richard F. Webster 

Bernard Felnberg 

Reece. Noland & McElrath 
Richard Kennedy 
May 1978 

Richard F. Webster 

1,920 $q- ft, (173 Cfl) 
Reinforced co nereis block 
walls, precast concrete root, 
concrete slsb-on-grade lloor 
BQ% on rool al 30-45 In, 
(76-114 cm) 

75 s -* on walls 

Roof— 3 I n . (8 cm I rigid 

Insulation 

Walls — 2 In. £5 cm) rigid 
Insulation 

Butyl rubber membrane 


4,200 

Solar attic, alMo-alr 
heal pomp, wood stove 
Earth-cooled Intake ven| 
fin. air-to-air heal pump 





Clark House 


The Norman Dark home, like the S:i oka & 
Stones house {pages 74’??). fs an excellent 
Illustration of how an earth sheltered house— 
even one with strikingly different design— can fit 
into an urban setting The jutting projections on 
the house— a configuration ihat mighl well 
appear obtrusive tn a convent iona? aboveground 
house — actually help ‘he Clark home blend m 
with other houses in the neighborhood by 
making it appear less "underground " The hilly 
environment and a weallh of shrubs, trees, ivy, 
and other pi an hogs su f rounding the house also 
contribute to !hls sense of harmony with the 
environment, 

Interestingly, it is the solar collectors, 
mounted on the concrete projection, that give 
the house its unique form This shape evolved 
horn architect Clark s desire to Sake advantage 


of so; : ar gain in a house that faces east— unlike 
most passive solar houses which are oriented 
south. In fact, one of the main benefits of 
houses featuring an earth sheltered atrium 
design is that they do not require any specific 
orientation lr designing his house Clark 
worked creatively with the opposrng forces of 
ihe sfope— -whrch ruled out a south -facing 
house and the neec for a south orientation fo r 
the collectors 

The atrium design is a most appropriate 
pian for a house located m a rather dense 
suburban neighborhood such as this one As 
with most such designs, the main living 
spaces — bedrooms, kitchen, dining and living 
rooms— are arranged around a central atrium 
thel provides Ihem wrth sunlight. The interior of 
the atnum, adorned wilh numerous plants and 


shrubs, is an inviting f amity gathering place, in 
winter, it is converted to a greenhouse by 
stretching a polyethylene cover across the lop 
of Ihe space. The atriunVgreen house also acts 
as a solar collector in winter as ii absorbs and 
stores heal. As shown in the floor plans, the 
kitchen and dining areas provide views or both 
the pnvate. Inner courtyard and through 
exterior windows, the outdoors 

The house uses an active domestic hoi 
water system, a 30-gallon {114-1 ) electric water 
heater and a fireptace as a backup Additional 
sola r energy obtained via Ihe 400 square feet 
1 36 ca) of rooftop solar collectors s stored in 
the 8-inch-1hick 6-foot-high [20-cm-thick, 2.4-rn- 
hrghi walls and in the concrete sfab Moor. 
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LOCATION: 

ARCHITECT: 

CONTRACTOR; 

CONSTRUCTED: 

GROSS AREA: 
STRUCTURE; 

EARTH COVER: 
INSULATION: 

WATER PROOFING : 

HEATING 
DEGREE DAYS: 
HEATING SYSTEM: 

COOLING SYSTEM: 


ENERGY DATA 



Portland, Oregon 
Norm Clark 

Norm Clark and Haldors 
Construction Company 
June t977 

1,300 ft- {*62 cal heated 

500 sq, ft. {45 ce) unseated 

Cast-in- place reinforced 

concrete walls, wood beam 

and decking root, concrete 

slab-on-grftde floor 

00% on root at 24 in, (61 cm) 

90% on walls 

Roof— 3 In. ($ cm} rigid 

insulation 

Walls— 1 In, {2,5 cm) rigid 
Insulation 

Roof- five-ply hot mopped 
fiberglass 

Walls — asphalt coating 


4.700 

Passive solar, wood, electric 
backup 

Natural ventilation 
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Hadley House 


To achieve his goal of using energy-savsn-g 
techniques appropriately, the designer of this 
house integrated three major approaches to 
home energy conservation earih sheltering, 
super insulation, anc passive solar design 
Through She use of these features, the architect 
has very successfully met the owner's 
requirements for brightly lit. aesthetically 
pleasing intenor spaces a high degree ol 
energy efficiency and a moderate construction 
budget, 

The heavily wooded site for the house 
SioneS rather sleepy to the south. To increase 
usable outdoor space and provide adequate 
sunlight for passive heating, the designer and 
owner decided to detach the house from the 
garage and move it up the hill. On the norlh 
side the nouse is set Fully into the hill, with 
the earth sloping down on the west and east 
sides to meel grade on the south By 
eliminating ihe traditional retaining waits, the 
architect kept construction costs down white 
only minima -ly reducing the thermal perform *nce 


of she bouse The outdoor space to the south 
of the living spaces is designed so that a 
greenhouse and screened patio can be added 

The conceptual key to (his south-facing 
home is the coupling of earth sheltering with 
passive solar direct gain. The sloping roof and 
large clerestory windows in every room 
maximize the penetration of sunlight to the 
house The dark, insulated floor mass, together 
with ihe concrete block walls required 1o 
support the earih loads, serve as the storage 
medium for solar radiation All low-mass wail 
suriaces are painted white lo reflect and diffuse 
radiation so that it reaches a | the dark high- 
mass interior surfaces. 

Unique among the houses featured in 1 his 
book, the Hadley house has no earth cover on 
the roof Instead, ihe architect used iarge 
amounts of fiberglass insulation on the roof as 
wed as throughout the house. Building the roof 
structure of 20- Inch (50 -oti) truss |oists that 
span Ihe •nltr# wrofh of the houte left space 
k x J jiiii amount? of ncwtenon The 


designer estimates he saved the owner 
approximately S9.00O-S10.OOO In construction 
costs by using ihese "super insulation" 
techniques. Thermal performance data on the 
house have indicated that although the surface 
area ot the roof accounts for 50 percent ol Ihe 
total exterior surface area of the house. Ft 
accounts for only 7 percent or ihe heat loss 
from the structure 

The primary heating system is eiectnc 
forced -air. with supply ducts located befow the 
floor slab. The air-return duct, which runs the 
length of the peak of the roof, collects and 
redistributes tne warm air, To redistnbute warm 
air from either the Fireplace wood stove or Itqiti 
solar heat gain, the high air return can be used 
automatically wilh the furnace blower 

Mere information aboul prototype house 
plans based on this house design can be 
obtained from: Tom Ellison, EH Ison Design and 
Construction, 2001 University Avenue Southeast. 
Minneapolis. Minnesota 55414 
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5ARAGE 


NORTH SIOE OF HOUSE COMPLETELY 
EARTH SHELTERED 


EARTH SLOPES DOWN TO MEET 
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WALLS - 

WOOD STUD FRAMING 
EXTERIOR WOOD SHEATHING 
RIGID INSULATION 
FIBERGLASS BAIT INSULATION 
VAPOR BARRIER 
GYPSUM BOARD 


OPERABLE SUNSHADES” 

REDWOOD HEARTWOOO 
PLYWOOD OVER PLYWOOD 
RIBS SUPPORTED SY STEEL PIPE 
AT ENDS 

WINTER POSITION 

SUMMER POSITION 


SLIDING GLASS DOOR 


floor 

DARK QUARRY TILE 
CONCRETE SLAB 
VAPOR BARRIER 
COMPACTED SAND 
RIGID INSULATION 

AIR SUPPLY DUCT 
RIGID INSULATION 
PVC DRAINAGE PIPE 
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ROOF — 

PLYWOOD TRUSS JOIST 
ASPHALT SHINGLE ROOFING 
PLYWOOD SHEATHING 
FIBERGLASS BATT INSULATION 
VAPOR BARRIER 
GYPSUM BOARD CEILING 


HIGH WARMER RETURN DUCT 
CLERESTORY WINDOWS 


South Wall Roof Detail 





LOCATION: 

ARCHITECT: 

CONTRACTOR: 

CONSTRUCTED: 

PHQTOGHARHY: 


Minneapolis, Minnesota 
Tom Ellison 

Eill&on Design & Construction 
1979 

John Fulker. Tom Ellison 


GROSS AREA: 
STRUCTURE: 


EARTH COVER 
INSULATION: 


W ATER PROOFING ; 


1,950 sq. n. (176 ca) 
Reinforced concrete block 
walls, wood truss roof 
concrete aiab-on-grade floor 
5U% on walls 

Roof— Ifl In. (46 cm} llbcrglsss 
Walls— 4 "7 in. (11 cm) rigid 
Insulation. tapering to 
1 V P In, (4 cm) 

Bitutheno on walls, asphan 
shingles on rooi 


HEATING 

DEGREE DAYS: 8,300 

HEATING SYSTEM: Passive solar, wood stove, 

electric forced-el r furnace 
COOLING SYSTEM: Natural ventilation 
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This house in The Sea Ranch, California, 15 
a good example of carefully combining earth 
sheltering, design delaiis, and landscaping lo 
produce a house that is extremely compatible 
with (he natural environment The owner 
requested a sample energy -conserving building 
l hat could easily with stand ihe harsh rains and 
strong winds typical of Ihe coastal pinnate 
while permitting a good view of Ihe Pacific 
Ocean ro the spulh Benched into a south- 
(acmg gant'y sloping hillside. Ihe house has a 
sod roof planted wilh natural grasses and *ce 
plan! that help integrate the house with the 
site By virtue Of tJs strong simple lines, the 


house takes ris place as an .integral pan of she 
'gndscape. rather than Overpowering il 
Redwood sklmg and terra-cotta floor mbs reflect 
Ihe colors of the surrounding terrain 

The south oriental ion of the house permits it 
to OeneM from direct passive so^ar gam while 
offering its occupants an expansive view of the 
rugged northern California shoreline Passive 
gain from the vertical south-facing windows is 
stored in the concrete block retaining walls and 
in the site floors on concrete slab Al the 
request of the owners, all the doubte-gia^edi 
g^ass was tinted id minimize glare Three 
skylights provide additional spot lighting a? the 


rear of the house 

A protecting tower that houses a loft also 
contains operable clerestory windows that assist 
with ventilation and provide additions* light 
Naturally heated stratified air is moved by an 
automated fan from the tower to a sand heat 
storage bed oeiow She tile floor 

An interesting design detail is Ihe placement 
ql 1 he rncsi phomc so!a r domestic water heating 
collectors al ground fevef The collectors are 
integrated with the earth siope below the 
exterior south-facing wood deck 
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LOCATION: 

AfTCHFTECT 



> : 


KITCHEN 


SEtJROOM 


SOLAS COLLECTORS 


Trie Sea Ranch, California 
David Wrighl and Dennis A. 

A nts? ej ko — £ EA g roup 
CONTRACTOR: Tom Hulskens 

CONSTRUCTED: March 1979 

GROSS AREA: 1,654 ®q. It. (157 cal 

STRUCTURE; Concrete block and wood 

slud walls, wood beam 
and decking roof, concrete 
$tob-on-grade floor 

EARTH COVER: 75% on roof at \% In (SO cm| 

50% on walls 

INSULATION: Root- 2 In, (5 cm) rigid 

Insulation 

Walls — 2 In. (5 cm) rigid 
insulation on concrete block 
wails. 6 In, (15 cm) fiberglass 
bat! insulation In stud walls 
WATERPROOFING: Mastic 


HEATING 

DEGREE DATS: 3,200 

HEATING SYSTEM: Passive solar, electric 

baseboard, wood stove 
COOLING SYSTEM: Natural ventilation 


Floor Plan 



Lt>rr 


BEDROOM 


SOLAR 

COLLECTORS 


>1 Ml 1 


' 

■ $ 


Section 


Section 
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The Sticks & Stones house successfully 
carries through a scaled -down approach to 
earth sheltered design. The architects have 
designed both the interior (tying and storage 
spaces and the exterior (courtyard areas 
Ihoughtfully and imaginatively, so lhat (he 
Overall house p an seems comfortably compact, 
rather than cramped A high degree of nalurai 
sunlight admitted to the rooms through south 
facing windows and two window courts, in 
combination with a relatively spacious 
Tying dm rc sun court a r ea contnbuie Lo a 
sense of airiness anc openness 

This house also is a fine example of how 
e?anh sheltering can be used to make the most 
of a small site m a typical urban settling The 
oaTh aerm present a low profile in sca-e with 
the lol and provides amp e ,,&rd space — space 
that would otherwise have been consumed by a 


conventional, aboveground home. The careful 
landscaping using trees that were growing on 
the site before construction as well as p ante* 
trees and flowers, helps the house blend inlo 
the neighborhood while preserving precious 
green space' in art urban environment 

With earth Cdvenng 90 percent of the roof 
and 50 percent of ihe sides, this house may 
best be described as a oeneiraliona : as 
opposed lo etevationat or atrium, design This 
type c! house plan is characterized by an 
extensive earth cover on the rooi and by 
window openings on several sides of Ihe 
house The east window' court in this nouse 
helps provide natural ight to Ihe two mam 
tearooms which ere set away from (he pnmery 
living spaces. 

A very effective design lerature in the mam 
living area is the raised wooden Floor which 


subtly separates ihe living and dining areas in 
an otherwise open space. To enhance the 
feeling of spaciousness in this area, the precast 
ceiling is higher he F e than In the bedrooms 
The sunken sun court provides sunlight and 
ventilation to the rooms arrc access to she 
roof 

Bu'iding heal is accumulated from several 
sources. The primary heating system— a gas- 
fi r ed. f crced-air furnace — «s supplemented by 
passive sof&r heat gam through the double- 
glazed. south-facing glass and by a wood- 
burning stove in the raised living room space 
Meat is stored and released irom the thermal 
mass of rhe walls root, and floor 
The conventions roo 1 of (he carport provides 
Etc rage space and presents a sloped surface 
for fuiure mstatialion of solar panels. 
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BEDROOM WINDOW DOUBT 

DRIVEWAY 

CARPORT 


Site Plan (aerial view) 


0 to 20 


LOCATION; 

ARCHITECT: 

ENGINEER; 

CONTRACTOR: 

CONSTRUCTED: 

PHOTOGRAPHY: 


Minneapolis, Minnesota 

Froehle, Saphir, Joes— Slicks 

& Stones Design 

fowler, Hanley 

Slicks & Stones Design 

19S0 

Steven L_ Berger son 


GROSS AREA: 
STRUCTURE: 

EARTH COVER: 
INSULATION: 

WATERPROOFING: 


1.350 Sq It. (122 ca) 
Reinforced concrete block 
walls, precast concrete 
roof, concrete Blab-on- 
grads floor 

90% on roof at 1JM3 In, 
(3(M6 cm) 

80% on wells 

Roof— 6 In. (IS cm) rigid 

Insulation 

Walls — % in. (7 cm) rigid 

insulation 

BMulhene 


HEATING 
DEGREE DAYS: 
HEATING SYSTEM: 

COOLING SYSTEM: 


B.OQO 

Gas forced-sir iurnace. 
passive solar, wood! stove 
Natural ventilation 


7S 
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Earthtech 5 and 6 


These two houses are variations on She 
prototype Earttiteeh house design developed oy 
architect Don Metz a p oneer In earth sheltered 
construction. Bo!h houses are characterized by 
simplicity and durability in design and 
construction — themes echoed in ihe choice oi 
building materials Inside Earthleth 5, tor 
example ihe heavy nmnpr roof system large 
masonry arch over the wood stove, and dark 
Itoor tries link the house to its wooded srte and 
help create a warm comfortable interior 
environment The cedar shjplap siding that has 
been used on Ihe exterior surfaces has been 
h eached light gray and left lo weather 
naturally. 

Exposure of both the west and south sides 
o! these two houses is a rather unusual design 


feature. Although these designs may not take 
as much advantage of passive solar 
opportunities as some other earth sheltered 
houses. Ihey offer considerable natural i ghiing 
and a choice ol views not generally available " 
with the more common IfneaJ arrangements of 
south-facing earth sheltered homes. The 
exposed west wall a iso provides a means of 
easy emergency exit from ihe bed rooms 

Like mas! eadh-mtegrated structures, these 
homes we r e designed with passive solar gem 
m mind Heat obtained horn the sun cominq 
through the south and west glazed walls 
absorbed and dispensed by the built-in thermal 
miass of the concrem walls the floo*. and ihe 
reef system 

The floor sysiem is another feature 


associated with These Eadhfoch designs. A 
uuuble s-:ab air plenum, the floor consists a! a 
concrete slab supported by concrete blocks 
spaced at intervals on lop of a slab on grade. 
Fans force warm air into the spaces between 
ihe b ocks, distributing d evenly, so !hal the 
floor ?s always warmer than a typical sisb^on- 
grade floor As a result of this Floor system 
with its "arge warm therm a I mass, temperature 
cnanges within the house are not foil Ic the 
same extern tha' they would be in houses with 
less thermal mass 

More information about Ihe prototype 
Earthiech plans may be obtained by writing to 
Don Metz Earth lech Post Office- Box 52 
Lyme New Hampshire 037SB 
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Floor Plan 



LOCATION: 

ARCHITECT 

CONTRACTOR: 

CONSTRUCTED 

PHOTOGRAPHY: 


GROSS AREA. 
STRUCTURE 



EARTH COVER. 


INSULATION: 


WATERPROOFING 


HEATING 
DEGREE DAYS 
HEATING SYSTEM 

COOLING SYSTEM: 


Lyme. New Ham pa hire 
Don Metz 
Wayne Pike 
1979 

1379 Robert Perron, Don Metz 

2,000 sq. ft. | ISO cai 
Reiniorcecr concrete walls, 
heavy Umber beam and 
tongue and groove decking 
roof, double-slab concrete floor 
KHJ fl a on roof at 9 In, (23 cm) 
SG 4 ^ on walls 
Rod — J in,. (10 cm) rigid 
Insulation 

Walla — 2 In. (S crn) rigid 

tnsutation 

Delate* IRA 


7.600 

Oil-fired hyrironic system, 
wood stove 
Nsturei ventilation 
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LEAD-COATED COPPER FLASHING 


EARTH COVER 


3 LAYERS RIGID INSULATION — — 

WATERPROOFING 

PLYWOOD PARAPET — 

TONGUE AND GROOVE ROOF DECKING 

STR UCTU FA L TtMSE R S 


DOUBLE-SLAB AIR PLENUM 



South Walt Roof Floor Section 
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SunEarth House 


The SunEarth house in Cotorade serves as 
an excellent example of now passive solar 
technology can be combined with a basic earth 
sheltered house design lo yield quite significant 
energy savings over conventional homes The 
tow energy consumption of this house results 
both from Ihe passive so ar features 
incorporated into the house and the owners 
knowledge of how to use ihose features to 
obtam *he Pest energy performance 

With berms on the root and on me east, 
west and north s-oes, the SunEarth house has 
300 square fee' .23 cai of floor-to-ceiling south- 
facing windows Fifty-four 35-gallon |2Q0'U 
water- Tilled black drums are stacked against, 
these windows Air heated by the drums rises 
into the ceiling vents above the drums Ihen 
flows into an gpen plenum between the ceiling 


and the roof Vents from 'his oienum provide a 
themtiosiphonnc flow of warm air around the 
inside os the house. Although most of ihE solar 
energy collected through the south windows is 
stored tn the drums, the mass of the slab floor 
and ihe wails prcvrde seme addition a I storage 
capacity. 

The double glazing on the south windows is 
protected by a Geadwali movable insulation 
system consisting of a wait gfaied with parallel 
pangs of plate glass spaced 5 inches (12.5 cm) 
apart. In cloudy weather and at night tiny 
polystyrene beads are automatically blown in 
between the panes 

Six inpie-gJazed sunscoop skylights 
extending up through the berms add to )he 
natural ightrng provided by the south windows 
Painted a reflective white on the inside, these 


skylights am lilted to the south to increase Hghl 
gain in winter and minimize solar gain in 
summer 

Water preheating is handled by two 30- 
gal Ion (114-1 ] black steel domestic hoi water 
tanks, placed in slanted enclosures on the 
Exposed south wall, that collect heat from the 
sun in summer and winter 

Carefully monitored for energy performance 
over the past two years. SunEarth house uses 
energy from the sun to handle all Ihe space 
heating and 20 percent of Ihe domestic hot 
water needs for the house. In addition lo ihe 
obvroua economic benefits Ihe owners cite the 
openness of the house plan low maintenance, 
and quietness as other positive aspects of their 
earth sheltered home. 
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LOCATION: 

DESIGNER; 

STRUCTURAL 

ENGINEER: 

CONTRACTOR: 

CONSTRUCTED; 



Section 


GROSS AHEA: 
STRUCTURE; 


EARTH COVER: 
INSULATION; 


WATERPROOFING; 


HEATING 
DEGREE DAYS: 
HEATING SYSTEM 


COOUNG SYSTEM; 


Longmont. Colorado 
Paul Ship pee — Colorado 
Sun work 5 

Johnson-Vol Ian d- Ar c h u le l a . 
Inc- 

C 0(0 r ado Sunworka 
t97« 

1.900 sq. ft. (162 cal 
Cast-In-place concrete walls, 
concrete deck on steel Joist 
rool. concrete slab-on- 
grad# floor 

100% on root at 12 In. (30 cm) 
75% on walls 
Roof— 2 In. £5 cm] rigid 
Insulation. 9 m (23 cm) 
fiberglass baft insulation 
Walls — t In. (10 cm) rigid 
insulation 

Three-ply tar and Tell 


6.200 

Passive solar, hot water 
baseboard, heat-circulating 
fireplace 

Three Turbine ventilators 





South Wall Roof Floor Section 


AIR VENT 

WOOD STUD WALL WITH PLYWOOD 
EXTERIOR. FIBERGLASS BAIT 
INSULATION. GYPSUM BOARD INTERIOR 


2 PANES INSULATED GLASS WITH AIR 
SPACE FOR STYROFOAM BEAD INSULATION 

WATER-RILLED HEAT STORAGE DRUMS 

RIGID INSULATION 
POURED CONCRETE WALL 
CONCRETE SLAB 
RIGID INSULATION 
COMPACTED GRANULAR FILL 


SUNSHADE 

metal flashing 

STEEL BEAM 

EARTH COVER 
TAR AND FELT 
RIGID INSULATION 


CLOUDY DAYS -THERMAL PERFORMANCE 


During four cloudy Says Between March 18 and Marcft 21 lt*e lemsxerakue ‘Hsyde the 
house fen cmiy 8 (4.4-Ci The warer-Msed SS-gaikm 1 306-1 1 drums pru^-de* ^ 
reserve- energy supply Jo roainSain img tdrccrature wilhau' me artdiban 
HTdiyy tetfood normal mteirwi heal gsrfS 


POURED CONCRETE ROOF 
FIBERGLASS BATT INSULATION 
STEEL TRUSS 
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Architects in southern Texas, where this 
heme is locates have a twofold problem with 
regard to energy use The greatest demands 
on climate control systems occu r during 
summer when high temperatures average n 
the upoer nineties and often exceed 100 F 
■: 3-0 C i for days. On Ihe other hand, winter 
brings sporadic below-freezing temperatures 
accompanied by extremely changeable wEath-er 
conditions (e.g , temperatures have been known 
to plummet Irom 76 'F (25 C) to 24F MX} 
Wilhm hours when a "blue norther’ blows mi 
The pe^od if highest heating demand ! aste 
from mid’ December to m'd-March. 

The architect has combined earth sneitenng 
with passi-ve scar features to deal efficiently 
with both heating and cooling needs of houses 
sn this climate And given the rising cost of 
toss: i fuets, earth sheltering has become an 
increasingly popular cptor tin this region of Ihe 


country. 

The primary design requirements requested 
by the retired owner of this home were reduced 
utility costs (including decreased dependence on 
nnergy derived from fossil fuel!', ease of 
maintenance, simp i city ol const ruction, and 
security Attractive ’’and scaping. quietness, and 
ecological aspects are additional benefits the 
owner attributes to her earlh sheltered heme 

The heuse. built into a southeasr-fadng 
hillside takes advantage of the view, 
orientation and prevailing breezes. In w n!er. 
the house i$ Partially healed ay warm air 
collected in Ihe greenhouse Active solar 
collectors are used to heat the domestic water 
which comes from a deep well on the 15-acre 
(6- ha) property. 

The centrally located ‘ wind tower presents 
a unique solution to the common problem of 
providing adequate cross-ventilation in an earth 


sheltered nouse. Tho wind tower which can bo 
opened and closed from inside ihe house, 
draws Ihe prevailing southwest winds through 
the house In summer offering welcome cross- 
venlilalion and cooling Shaded roo! overhangs 
heip keep the sun away from the house in 
summer A small, packaged air conditioning unit 
acts as a backup cooling system 

During the summer of t 980, which broke 
records for temperature highs number ol 
consecutive days over 100'F (38~C), arid lack 
of rainfall, tee house fumed n an extremely 
good energy performance Even though 
landscaping nad scarcely begun and the roof 
was covered mainly with a sparse crop os 
weeds, the house consumed only about 40 
percent of the energy required py similar- sized 
nomes m the area Once ihe iandscap'ng has 
become established, even greater energy 
efficiency is ex peeled 
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TONGUE and groove 

VV 0-00 CQUHG 

PRECAST CONCRETE 
PLANK — 



WATERPROOFING - 
fWGEO INS4JLATTON - 
GRAVEL DRAINAGE 
LAVER 
SOH. 

EARTH COVER 


POURED CONCRETE 
WALL 

WATERPROOFING 
GRAVEL BACKFILL 


GRANULAR FILL 
SAND LAYER 

Slab 



WIND TOWEH 



Rear Wall Section 0 ' 2 Section 


D 7 * fl 16 
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LOCATION. 

ARCHITECT 

STRUCTURAL 

ENGINEER: 

MECHANICAL 

ENGINEER: 

CONTRACTOR! 

CONSTRUCTED: 

PHOTOGRAPHY: 


Fort Worth, Texas 

Ray W. aaorne — Boaihe & 

Associates 

William 0. Walker 

James McClure 
Terrs Systems 
May 1900 
Kipp Baker 



GROSS AREA: 
STRUCTURE 


EARTH COVER: 
INSULATION: 


WATERPROOFING: 


2.764 sq. ft. (251 ca.| 

CastTn- place concrete walls, 
precast planks on structural 
sieel frame roof, concrete 
slafcMjn-gratfe floor 
100% on roof at 24 In. 

(61 cm) 

66% on walls 

Rood — 4 in. 1 10 cm i rigid 

insolation 

Walls— 2 in (5 cm) rigid 

Insulation 

Bentonite 


HEATING 
DEGREE DAYS: 
COOLING 
DEGREE DAYS: 
HEATING SYSTEM: 


COOLING SYSTEM 


3.04 1 
2,965 

Electric foreed-air system 
solar greenhouse, heat- 
circulailng fireplace 
Wind tower, natural 
veni Italian 
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When you have a stunning pona and forest 
view lo the east you burld facing ea$! and find 
some other way to admit so?ar radiation So 
says architect Malcolm Wetls. a pioneer in 
earth sheltered house design Wells' 
combination home office on Cape Cod is one 
room wide and 110 feet (33 m) long, wiih its 
tong axis running due norttusouth Along the 
fulf lengih of this axis ams a centrally located, 
Jfipte-glazed skylight, which admits substantia) 
natural light and solar heat to all Ihe moms in 
the house Snap-on canvas shades shield me 
skying hi during the summer months SO avoid 
overheating 

Walts has taken advantage of the aesthetic 
benefits of earth sheltering: to create a house 
thai blends extremely well wilh the surrounding 
woods Moreover, the varying heights and 
depths ot the earth berms — allowing (or 
enhances, windows and vents — help sghen and 


breah up Ihe long facade of the home By 
contrast an aboveground building designed in a 
similar style — i.e . one wrth a tong relatively 
nan-pw rectangular shape — wouid have had a 
harsh, stark appearance in this landscape 
Mrs. Wells, a landscape designer, has used 
mostry native trees shrubs and ground cover 
from the st!e to good effect The landscaping 
on the roar is more naliceable on the WeSfs 
house than is the case wrth most other earth 
sheltered houses because Wells has avoided 
using a curb on the edge of the roof Tapgrtng 
the eartn and vegetal ion to the eave edge not 
on y e i mm a red the need for the traditional 
curbing, but also helps integrate Ihe rooftop 
landscaping with the overall: house desrgn 
Weiss says he sometimes |okes lo visitors 
that the smooth, dark floors are s aos of 
imported flatten leather This unusual effect 
was, in fact, rather simply achieved by coating 


the exposed concrete Floor with a mixture of 
dark wood stam and urethane sealer Wells 
notes that Ihe floor is easy lo clean, absorbs 
sunlight well, and is rough enough to eliminate 
ihe problems with siippehness sometimes 
associated with concrete Floor slabs The 
heating pipes -created between the floor slabs 
also «.eep Ihe concrete Floor warm enough to 
walk on to bare feel. 

Duds pull She hottest air down from Ihe top 
of ins skylight, push it through a; r pipes 
between the floor slabs and return it at a 
temperature ot approximately 70 -75T 
(21 -24C). 

More information ar>out sinister earth sheltered 
house plans is av arable in Underground 
Designs 1 56.00 po$“pato) and Underground 
Plans Book I (513 00 postpaid i which may be 
ordered from Malcolm Wells, Post Office Box 
1149, Brewster Massachusetts 02631 
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single 'Layer glass 

removable kalwall 
GLAZING PANELS — 

CONDENSATION GUTTER 

LEAD-COATED COPPER 
FLASH IMG — 

WOOD SHINGLES — 

ROOF — BUTYL SHEET ON 
PLYWOOD. WOOD JOIST WITH 
FIBERGLASS BATT 
INSULATION. DRYWALL OVER 
VAPOR BARRIER 

EARTH COVER 


AIR DUCT 


■STRUCTURAL TIMBERS 
■CONCRETE PIERS 
AIR DUCT 
CONCRETE SLAB 
METAL DUCTS IN SAND BED 
CONCRETE SLAg 
RIGID INSULATION 
VAPOR BARRIER 


CONCRETE WALL 
3UTYL WATERPROOFING 
3 LAYERS RIGID INSULATION 

CEMENT PLASTER ON 
GALVANIZED LATHE 


saKSaai 


Section 


0 1 * 8 


TO 
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LOCATION: 

ARCHITECT; 

SOLAR 

CONSULTANT: 

CONTRACTOR: 

CONSTRUCTED 


GROSS AREA; 
STRUCTURE: 


earth cover 


INSULATION 


WATERPROOFING 


HEATING 
DEGREE DAYS 
HEATING SYSTEM: 

COOLING SYSTEM: 


Brewster* Massachusetts 
Malcolm Wells 

Robert 0. Smith 
Sol Source Builders 
May 1580 

2,600 sq. ft. {234 ca) 

Poured concrete walls, wood 
beam and |oisi root, double- 
slab concrete floor 
45 fl n on roof el 18 In 
<46 cm) 

4*0** on walls 

Roof— 9 In. (23 cm) fiberglass 

batl insulation 

Walls — 6 in. (15 cm) rigid 

insulation 

E.P.O.M. rubber membrane on 
roof and wells 


5.G21 

Oil-fired hoi water, passive 
solar 

Natural ventilation 




Among the houses included in this hook, the 
Afctiiterra homes are unique In two ways: they 
are the only examples of homes horn outside 
the United States, and they were specificafty 
designed to be built on hi%itfes And. like the 
Seward town houses, these homes are unusual 
in that they are among the tew multrresrdentrai 
earth sheltered developments built lo dale 
Several* Architerra complexes have been 
completed in France and Spain, and the 
company is seeking developers m the United 
States. 

These developments sen/e as an excellent 
examnie of how earth sheltering can turn a site 
considered unsuitable for conventional 
construction to aesthete— and 
economic- advantage The Architerra 
construction system is extremely well suited for 
developments on steep slopes because of its 
flexibility and ability to stabilize hillside 
conditions. 


By vidue of the stepped design of the 
Architerra complexes and the curved glass front 
walls of the units, all the residents of the 
development enjoy a Iflfretegree view of the 
surrounding landscape. These south-facing glass 
walls provide natural light and view and passive 
solar gaFn and hefp the units apoear naturally 
integrated with the curves of the hillside. 

Stacking ihe units stair fashion in slots cut 
Into the hillside imparls a sense of pnvacy to 
each unit — because of the unobstructed view of 
the horizon — while simultaneously permitting a 
high unit density (e g . an estimated ten units 
oer acre in the recently completed NLce 
project! Surface preservation and use of land 
thai would otherwise be considered unusable 
are obvious environmental benefits associated 
with this type of development 

T he individual units sr® designed for 
flexibitrty in space arrangements. For example, 
the one- to four-bedroom units in the Nice 


development vary from 1 0€0 to 4.0GD square 
feel (90 to 360 cai in size; room sizes vary 
depending on the owners' wishes. In most 
Anchiterrg complexes, each unit has a private 
garden courtyard 

The *ey to the Architena system is the 
abriity ol Ihe developers to mold the land and 
desrgn through a patented construction 
technique called Reinforced Earth First, the 
land is contoured into a series of terraces and 
excavated lor the home sites Then the 
Reinforced Earth technique— m which long 
metal $fnps attached lo precast concrete walls 
a^e laid between successive layers of 
backfilF-is used lo stabilize the backfill tsee 
photograph on page 101} The wall pane s, 
which form (tie curved rear structural walls or 
the units, resist latere! earth pressures very 
efficiently 
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LOCATION: 


ARCHITECT; 

DESIGNER 

CONTRACTOR: 


CONSTRUCTED: 
PHOTOGRAPH V: 


GROSS AREA 



Section 


0 2 4 a 


ie HEATING SYSTEM: 
— COOUNG SYSTEM 


VaFbonne, France and Madrid, 
Spain 

Archltefra. Inc. 

Henri Vida]. Yves 9ayard 
M. Nlccletti (Valborme), 

M Santiago Mura 5 Muerano 
(Madrid) 

1379 

The Washington Agency 


1.DO0-4.OOO sq ft- 
{90-360 cat 

Precasl concrete walls, cast- 
ing lace concrete roof, 
concrete scab- on -grade floor 
100 % on roof at 12 In, 

(30 CH*t 

on walls 

Roof — t In. ( 2,5 cmi rigid 
Insulation 

Wsfls — i In. (10 cm) air 
space between precast walla 
and interior finish walls 
Asphail membrane and PVC 


Electric baseboard 
Natural ventilation 


9fi 




EARTH COVER 
SYNTHETIC FILTER 

GHAVEL drainage layer 


WATERPROOFING 
RIGID INSULATION 
VAPOR BARRIER 


POURED CONCRETE 

PRECAST CONCRETE HOOF FLANK, 

STEEL REINFORCEMENT 


EARTH RETAINER 


Site Plan (aerial view) 


° 2 ° 60 130 Roof ParapetGutter Detail ° 








Terra-Dome House 


Undoubtedly the most unusual feature p! Ihis 
Terr- 3 ’Domp home 15 its modular concrete shell 
structure, using combinations of 244oohwide 
(7 3-m) nodules The patented dome forms 
used in constructing the house are common to 
all homes built by the Missouri-based Terra- 
Dome Corporation this home is composed ot 
Bix-and-e-half modules 
The entryway to the home. Termed by ri?,d 3 
module, is closed oft from the rest ol the 
house by a s'icHn-g glass door which creates 
an air loci- and uses the home s southern 
exposure to its tullest pgfenlial The entry acts 
as a gunroom by collecting passive solar heat 
through the spuih- facing entrance windows and 


stores heat rn the massive stone floors 
The primary heal source for the house, a 
wood-burning stove, is supplemented Oy the 
passive solar gain through the south-facing 
windows Heal from the rrreo ace is radiated 
info a heat chamber behind if. from which the 
warm ar s picked up ana arcuated through 
the vent pipes under the rioor to all the rooms 
in the house 

One advantage to the dome-shaped modules 
is thal the roofs can support heavy eanh loads 
very efficiently — ihe builder claims these 
ST'uctures have twenty times the load- searing 
capacity of 'lal-rooled earth shelters Because 
of ihi= .ncreasep load-beanng capacity. Terra- 


Dome homes normally a^e covered wilh 2 to 9 
feet 6 to 2 4 m) ol earth, allowing she 
designer's to gently grade sod aver the structure 
following the rat-j'al curves of Ihe eanh 

Another advantage to this type ol structure 
and building process is thal the walls and rppi 
□iE poured as one unit, leaving no ppid jptnfs 
at the rpol fines In combination, the 
standardized module forms ana pouring system 
permit rapid — and hence less costly— 
construction 

Subdivisions apartment complexes, end 
commercial space are currently under 
development using ire Terra -Dome system 
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EARTH COVER 

ROCK COVERED WITH POLYETHYLENE 

SHEET 

PERFORATED PVC PIPE - — — — 

RIGID INSULATION COVERED 
WITH polyethylene sheet — 

RIGID INSULATION 

WATERPROOFING COVERED 1 
WITH POLYETHYLENE SHEET 

JUNCTION OF TWO 
MODULES — 



ROCK COVERED WITH POL V ETHYLENE 
SHEET 

PERFORATED PVC DRAINAGE PlP£ 

CONCRETE WALL - 

CONCRETE SLAB OVER 
polyethylene SHEET AND GRAVEL - 




Dome Wall Section 0 LJ fl Section 


o a a a 


103 





LOCATION: 

ARCHITECT; 

CONTRACTOR: 

CONSTRUCTED: 

PHOTOGRAPHY: 


Independence, Missouri 
Terra-Dome Corporation 
Terra-Dome Corporation 
December T979 
Holiday Production & 


GROSS AREA; 
STRUCTUHE: 


EARTH COVER 
INSULATION: 


WATERPROOFING; 


3,900 »q. ft. (3o 1 ca| 
Terra-Dome modular shell 
construction: poured concrete 
reinforced with steer 
2-8 ft. (MS m) 

1-2 In. <2,5-5 cm) urethane 
foam on roof, and la 1 ft 
(,3 m) below frost Hoe and 
eiposed fronl of house 
Polyurethane elastomeric 
rubberized membrane 


HEATING 
DEGREE DAYS; 
HEATING SYSTEM;, 

COOLING SYSTEM: 
ENERGY USE 
(winter 19901: 


M4C 

Passive solar wood -burning 
Earth Stove ' 

One-ton air conditioning tmtt 

r * cords of wood; 53SH] lor 
electricity lor space heal end 
sir conditioning 



105 



Locked on a 5 -acre (2-ha) parcel of land 
in Wisconsin, this house is a good example of 
how earth sheltering can be used So help a 
house work particularly wolf with an attractive, 
sloping site. As guests enter the house ham 
the north entrance, located at a higher level 
than the resl or She house, they have a 
commanding view of a nver valley This view 
is duplicated at the lower- level south 
southesst-facmg Iront ol the house. 

Like most of the homes featured in tbrs book, 
the Demuyt house has a primarily southern 
nnentalion in order to benefit from passive solar 
gain. And. as with most elevattonal-lype homes, 
alt the glazing m this residence is designed so 
thar from any area o! ihg house the 
occupants have a visual to the outside 
However this house presents g modification of 
the standard elevation al house design in tha! 


the 45-degree angles of the house permit views 
in three principal ejections — south southeast, 
and southwest. 

The southeast and southwest elevations are 
shaded Dy overhangs to minimize summer heat 
gain: windows on [he south elevation are 
flush with the parapet in order to maximize 
winter solar radiation Deciduous trees in a 
p lamer provide shading on the south side oi 
the house. 

The interior spaces of the house are well 
zoned for formal entertaining and privacy of 
adults as well as more informal family activities. 
Thai is (he living room dining room, and 
master bedroom spaces can easily be used 
separately from the family and adjacent 
children s bedrooms This floor plan 
demonstrates that a basics y etevational-typa 
house design need no! be limited to a lineal 


room arrange mens, 

The house has been designed so that an 
attached greenhouse could be added off the 
Jiving Toom, in this case, passive solar gam 
would be achieved through the south windows 
oi the greenhouse, and the fireplace mass 
would act as a wail tor storing anc radiating 
that heat 

The primary heat source for the Demuyl 
hou&e 5 b forced -air gas lurnace system, which 
is supplemented with heal from the Fireplace 
and from, passive sota' radial ion 
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KITCHEN 
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LOCATION; 

ARCHITECT; 

CONTRACTOR: 

CONSTRUCTED. 


Burlington, Wisconsin 
Earth Shelter Corporation ol 
America 
Demuyt & Son 
Fall 197* 


Floor Plan 



GROSS AREA; 
STRUCTURE; 



EARTH COVER: 
INSULATION ;; 


WATERPROOFING: 


HEATING 
DEGREE DAYS: 
HEATING SYSTEM:; 


Section 


0 2 4 


16 


COOLING SYSTEM: 


2.550 sq. ft. (230 cs) 

Poured -in-place reinforced 
concrete walls, precast 
concrete plank roof, concrete 
Slab-On-grsde floor 
100% on roof at 20 In, 

(51 cm) 

4B c u on walls 

Roo! — 4 In. {10 Cm) rigid 

Insulation 

Walls— ? in. (5 cm) rigfd 
insulation 

Senicmite on rooi. Siluthene 
on walls 


7,400 

Gas furnace, forced air 
System, passive solar, 
energy-efficient fireplace 
Natural ventUatron 
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RIGID INSULATION - 

WATER PROOFING 

HEAT S U PPL V VENTILATION DUCT 


EARTH COVER 

COPPER FLASHING - 

PROTECTION SOAP'D 
PVC WELL SCREEN - 


SAND LAVER 

POURED CONCRETE CANT 

PRECAST CONCRETE FASCIA WELDED 
TO STEEL ANGLES. WHICH ARE 
BOLTED TO concrete PLANK 
steel ANGLES 


RIGID INSULATION 

WATERPROOF MEMBRANE AND 
VAPOR BARRIER 

THERMAL BREAK 

STEEL SEAM 


PRECAST ROOF PLANKS CHANGE 
SPAN DIRECTION, WH:CH ALLOWS 
INSTALLATION OF THERMAL BREAK 


South Well Roof /Floor Section 


0 1 ? i 
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Located on an 13-acre (7.2-ha) grte in rural 
Oklahoma, the Wheeler house uses passive 
sola^ gam in com bin a Lion with extensive earth 
sheltering to conserve energy — a serious 
concern wish a house this large. The earth 
covering also serves another important function 
in protecting Ihe house from the high winds 
and tornadoes prevalent .n [tips area cr ihe 
country. Guests enter through a gabled entry 
court greenhouse cm ihe north, the garage, on 
the east end of the house. has a private entry 
This house combines an elevationai-lype 
design featuring a south facing garden room 
area for passive solar gam. with a room 
arrangement similar to (hat of many atrium 
plans. A centrally located living room occupies 
the space where an atnum would likely be 
located in an atrium -type house design 
However m the Wheeler name one double- 
dome sky ight takes the place of the oomptetefy 
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open roof over the atrium or courtyard As m 
an atrium p an other major Irving 
spaces — bedrooms, kitchen and dining room 
and a study — are organized around the living 
room area (see floor plan) 

On Ihe scuth side of ihe house, the ' garden 
room' serves as a family recreation area and 
pam ling studio for Mrs. Wheeler The 500 
square feet (46 ca) of skylights over this room 
make il a warm, comfortable space on sunny 
days, even m midwinter. 

A 3-ton water-to-aJr heat pump provides the 
house with mechanical cooling and heating; 
passive solar gam is a secondary source of 
space heating Warm air collected through The 
skylights in the garden room flows into the 
house ih r ough the upper windows between the 
garden and ivmg rooms, cool air flows back lo 
the garden room through the sliding door 
between the two rooms 


Another 240 square feet [22 ca) of air-type 
so>a r co lectors constructed by the architeci 
are connected to a rock storage bin containing 
a tank to preheat hot water and a copper -oil 
to preheat water going to the heat pump 
Poured- m-oiace concrete waffle slab exposed 
on the interior forms the roof ceiling of the 
house To provide additions' in ter or lighting 
60-wait reflector dome bulbs were mounted in 
boxes poured into most of the recesses of Ihe 
waffle slab (see inferior photo) 

The Whee ers have benn quite satisfied with 
(he energy performance of their home based 
cn total ene r gy cos! per square loot per year 
Elbert Wheeler figures Shat his earth sheltered 
home uses only half as much energy as did 
h;s previous home Other benefits he associates 
with this house ar-e the low maintenance and 
security a Horded by earth sheltering 





LOCATION; 

ARCHITECT 

structural 

ENGINEER; 
CONTRACTOR 
CONSTRUCTED: 
GROSS AREA: 
STRUCTURE; 


EARTH COVER. 
INSULATION: 


WATERPROOFING; 


HEATING 
DEGREE DAYS: 
HEATING SYSTEM: 


COOLING SYSTEM; 


Enid, Oklahoma 

Elbert M Wheeler— Wheeler & 

Wheeler Arch Heel a 

Louis 0 Bess 

Glen E. Payne 

January 197s 

5,526 aq. 1L (524 cal 

PwwHn-ptace, reinforced 

cdncrele walls: cast- In-pl ace 

concrete waffle slab roof; 

concrete si ad-on -grade floor 

100% On roof at 36 ln.(9t cm) 

50% on wans 

Hoof— 1 In. (2.5 cm) rigid 

insulation 

Walls — i In, (2,5 cmf rigid 
insulation 

Meadows Sea hi grit'" 
premoulded membrane 


3,800 

Water-io-air heal pump 
passive solar, two wood 
stoves 

Water, to- a it heal pump 




Moreland House 


The Moretano house teKes advantage of the 
passive cooling potential of earth -integrated 
structures in a predominantly hoi climate such 
as that of north central Texas The designers 
say that the 3 feet (9 m) of earth cover is 
quite useful in min m^ing heating demands 
dunng consistently unpredictable winters 
In 11ns case the basic design approach 
involved building a wide house' -n!o a sloped 
hillside and ins tailing a wail of windows across 
the front of the house to provide views 
ventilation and natural i-ghlmg to an major 
rooms A central vented skylight provides 


passive ventilation and additional lighting 

In keeping wilh the clients' reouesl thsl their 
home reflect a Southwestern genre of 
architecture, Moreland incorporated a slanted 
rool and a bread porch rna! o. r o Lee's the house 
from the blistering sun and deflects wjnd and 
rain The porch also allows the residents to 
participate in another Southwestern iraditron 
moving outside the house to enjoy the spring 
and autumn evenings The native stone used to 
face the retaining walls and pave the walks 
also contributes to the regional character of the 
house 


The outward simplicity of the extenor is 
earned through inside the house. Rough cedar 
and Mexican tile give the house an Inviting and 
relaxed quality, which is reinforced by Ihe large 
brick fireplace that is the focal point of the 
main irving space The central sky light bathes 
the antique oak labie with natural light 

An mteresling interior design feature is tne 
angled wafts, which provide visual interest and 
acoustic control as both sound and light tend to 
diffuse throughout the rooms. The angled waits 
also increase the efficiency of the floor plan 
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Floor Plan 










LOCATION; 

ARCHITECT; 

CONSTRUCTED, 

PHOTOGRAPHY 


Texas 

Frank L More land— Moreland 

Associates 

April 1980 

Moreland Associates 


GROSS AREA 
STRUCTURE 


EARTH COVER: 
INSULATION: 


2,100 sq. ft. IT 39 cb) 
Cast^ln-piace concrete walls: 
precast, prestressed concrete 
planks with concrete topping 
roof: concrete siab-on-grade 
floor 

100% on roof at 36 in. 

(91 cmf 

60% on wads 

Roof— 2 In. (5 cm) rigid 

Insulation 

Walls — fiberglass ban 
insulation on front wall 


MS 









Topic House 


One ol the few earth sheltered homes from 
which renable detailed energy performance da's 
have been obtained,, ihe Topic house is a 
rather typical elevasionaMype design Despite 
d r r arn a tic nor: ham views overlooking the 
Minnesota River Valley, ihe house was oriented 
south to benefit from passive solar healing and 
to create a more private extenor space. The 
house is surrounded by gently sloping hihs on 
three sides directly in front ol the center el Ihe 
house is a man-made pond 

Ail the major living areas have windows 
openrng onlo grade level, thus allowing a great 
deal of natura f lighl to penetrate Into the 
inienor ol the house and maximizing the 
polenliai tor direct passive solar garn Because 
the exterior surfaces have been plastered with 
stucco and the windows are vinyl-dad. ihe 
house is virtually mainienance-freo 

During most ol the winter ol T9©Q— from 
January i through March 22 — the Topic house 
was left un heated and was monitored lor 
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thermal oedormance. When the Topics left the 
slate for She winter, they turned off all roe 
power in the house excepl for Ihe electricity 
needed to om one refrigerator Temperature 
and relative humidity data for ihe house were 
record-ed every Fifteen minutes by frve sensors 
In ihe house and one gulside temperature 
sensor isee Floor plan for sensor :ocationsi 
In iwo-and-a-hall months without heat, when 
ihe lowesl rncorced outS'Ce temperature was 
— 1 5 ‘ F (-26 Z C|, the temperature in the body oF 
the house never Fell below 4G"F i4'Cl It look 
the house one *ult month for “he temper alure to 
Fall from an initial 6fl"F (20 C l to 40' F (4 C), 
and for the remainder of the lest period ihe 
temperature stayed with in S'F (3"Ci ol this 
Figure Even immediatel'; inside ihe uninsured 
windows the temperature at nigh! never <e. 
below 36 5' F {Z'C} These dala confirmed 
and quantified what we thought would happen 
in te r ms ol hea" retaining qua ities o! earth 
she li area homes, according to Or Hay Sterling 


director of the University of Minnesota s 
Underground Space Center. 

As expected, ihe earth acted as a 
temperature moderator, so that dally 
temperatures inside the bcdy of the house 
fluctuated very little The temperature hardly 
varied at all on cloudy days, on sunny days 
the maximum night-io-day temperature variation 
for the body of the house was only 5 _ F (3 L C) 
in a conventional aboveground house unde* 
similar unhealed conditions on the olher hand, 
temperature fluctuations would typically be 
considerably greater than those observed in the 
Topic home. The data from this house bear out 
experts assu motions about the hear- Plaining 
characteristics of earth sheltered structures 

For more information aboul plans for 
designs cased on this prototype home, write to 
Topic Earth Homes 2051 M arsenal I Road 
Shakopee. Minnesota 55379 





LOCATION; 

CONTRACTOR; 

CONSTRUCTED: 

PHOTOGRAPHY. 


Shako pee, Minnesota 

Joe Topic 

1977 

Nancy Larson 



GROSS AREA; 
STRUCTURE; 

EARTH COVER: 
INSULATION; 


WATERPROOFING; 


2,400 sq. H. (Z1S CP) 

Precast concrete walls, 
precasl concrete plank roof, 
concrete siab-ofingrade floor 
lOO^i on roof ai 20 In. 

(SI cm), sloping to IS In. 

(46 cm) 

W% on walls 

Roof— 4 V* In, 0* «Til rlgad 

Insulation 

Walls— 2 In. (5 cm) rigid 

Insulation 

Bentonlie> 


HEATING 

DEGREE DAYS; S.3S2 
HEATING SYSTEM; Heal pump with electric 
furnace 

COOLING SYSTEM: Heat pump air conditioner 


ns 


Topic House Data 


Winter 1980 


Temperatures 
at S QQ AM. 



Temperatures 
at 1=00 PML 


Relative 

Humidity 
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JAN 


FEB. 


WAR 



Topic House Data — January 31, 1980 


Temperatures 
on 1-31-80 



Relative 
Humidity 
on 1-31-80 
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